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Abstract
The capsular polysaccharide (CPS) of Vibrio 
parahaemolyticus was extracted from agar grown cells and 
purified by ethanol precipitation, hi-speed centrifugation and 
chromatography on Sepharose CL-4B and Detoxi columns.
The CPS was found to be acidic when chromatographed on 
DEAE cellulose. The three constituting sugars were determined 
by gas-liquid chromatography to be glucose, galactose and 
fucose. The molecular weight of CPS is one million or greater 
and in its pure form appeared to be non-immunogenic for 
rabbits.
A monoclonal antibody (Mab) reactive by ELISA to CPS was 
generated. The Mab agglutinated whole cell suspensions in the 
slide test. Latex beads armed with anti-CPS Mab agglutinated 
free polysaccharide in clarified supernatant fluids prepared 
from 24 h broth cultures. The Mab reacted with the surface 
components of Vibrio parahaemolyticus cells, discerned with 
immunogold conjugates by electron microscopy. Mice injected 
with 500 ug anti-CPS Mab were protected against a challenge of 
1010 viable Vibrio parahaemolyticus cells, while non-protected 
mice died within 24 hours. This immunological reagent may 
possess the sensitivity and specificity to detect and identify 
Vibrio parahaemolyticus cells by agglutination or detect the 
polysaccharide in broth culture.
ix
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Vibrio parahaemolyticus BB 220, a kanagawa-positive 
strain, adhered strongly to rabbit intestine mucosal cells. 
Anti-CPS Mab neutralized the adherence of this organism. 
Capsular polysaccharide of Vibrio parahaemolyticus may play a 
role in the adherence of this organism.
x
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Introduction
In the eighth edition of Bergey's Manual of Systematic 
Bacteriology the Genus Vibrio along with three other genera, 
i.e. Photobacterium, Aeromonas, and Plesiomonas are 
classified in the family Vibrionaceae.
Vibrio is a heterogenous genus in that many of its 
species are not related phylogenetically. Genus status is 
maintained since the thirty species share many common 
phenotypic properties (Baumann et al., 1981). Vibrios are 
Gram-negative, short, straight or curved rods; motile by a 
single polar flagellum; not acid-fast; endospores not 
produced; metabolism both respiratory and fermentative; 
oxidase positive; facultative anaerobes; and a guanine plus 
cytosine within the range of 40-50 moles percent 
(Subcommittee on Taxonomy of Vibrios, 1972).
Since all organisms in the genus Vibrio are inhabitants 
of seawater, many of them grow in media containing high salt 
concentration. These Vibrio species are called halophilic 
vibrios. There are two nonhalophilic Vibrio, i.e. Vibrio 
cholera and Vibrio mimicus. Eleven species are of clinical 
importance (Baron and Finegold, 1990). Table 1 lists the 
clinically significant Vibrio species and the infections 
associated with each. They are listed in the order of 
prevalence (Janda et al., 1988).
1
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Cholerae infections are usually acquired by U.S. 
citizens when they travel to foreign countries. Since 1973 
only 40 cases of domestically acquired V. cholerae infections 
have been reported. In the United States almost every case 
of Vibrio infection has been in association with either 
exposure to seawater or seafood. In Japan where finfish and 
shellfish are eaten raw, Vibrio parahaemolyticus is one of 
the leading causative agents of gastroenteritis.
On October 21, 1950, there was an outbreak of food
poisoning in southern part of Osaka in which 272 people 
suffered from gastroenteritis among which 20 of victims died. 
The suspected food item was reported to be a small, half­
dried sardine (Shirasu in Japanese). From this food item a 
new organism was isolated and was given the name Pasteurella 
parahaemolyticus (Fujino et al., 1965).
In 1960, the Japanese Ministry Of Health and Welfare 
appointed a committee to investigate this newly described 
bacterium. After extensive investigation by Sakazaki and his 
group this organism was classified in the genus Vibrio and 
was given the name Vibrio parahaemolyticus (Sakazaki et al., 
1963 and Fujino et al., 1965). From 1971 to 1978 fourteen 
outbreaks of gastroenteritis caused by Vibrio 
parahaemolyticus have been reported in the United states 
(Center for Disease Control, 1978).
Liston and Baross made an extensive search of the 
sediment, water, and fauna in Puget Sound and the inshore
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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coastal waters for Vibrio parahaemolyticus. This organism 
was readily recovered from invertebrate animals and sediments 
throughout the year but only seasonally in the overlying 
water column (Liston and Baross, 1970) . Ward isolated Vibrio 
parahaemolyticus from estuarine sediments of the southern 
Atlantic and Gulf Coasts (Ward, 1968). Krantz and his group 
(1969) recovered it from moribund Chesapeake Bay blue crabs 
retained in commercial shedding tanks.
In a study conducted by Staley and Colwell (1973), 
polynucleotide sequence relationship between Japanese and 
American strains of V. parahaemolyticus was made. They 
confirmed the presence of this Vibrio in Atlantic and Gulf 
Coast estuaries. The strains isolated were identical to the 
causative agent of "shirasu" food poisoning described in 
Japan.
Although V. parahaemolyticus was first described in 
Japan, it has since been isolated in many parts of the world. 
This organism has been recovered from samples collected in 
Korea, Indonesia, Iran, Thailand, Vietnam, China, India, 
Russia, Australia, Europe, Africa, Canada, Panama, and the 
United States (Joseph, 1982).
The incidence and level of V. parahaemolyticus 
associated with freshwater plankton has been studied by 
Sarkar et al. in 1983. Plankton samples were harvested and 
examined bacteriologically from different areas near 
Calcutta. They reported that 17.2% of plankton samples
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tested were positive for V. parahaemolyticus. All strains 
recovered were Kanagawa-negative (ability of this 
microorganism to hemolyze rabbit and human red blood cells). 
These strains did not agglutinate in serological reagents 
developed by the Japanese. Perhaps adherence to plankton 
provide some form of protection for this organism.
Vibrio parahaemolyticus has been isolated from 30 
different marine species, which include oysters, clams, 
lobsters, scallops, sardines, shrimp, squid, crab, eel, and 
various species of finfish. In a study conducted by the Food 
and Drug Administration, 86% of seafood samples examined 
during outbreaks of enteric disease in the period of 1969- 
1972 were positive for V. parahaemolyticus (Fishbein et al., 
1974).
Food items in the United States contaminated with Vibrio 
parahaemolyticus are usually crab, lobster, and seafood 
cocktail, and unlike Japan, seafoods are cooked prior to 
consumption. Contamination is usually caused by improper 
refrigeration, insufficient cooking, and recontamination.
Clinical symptoms include diarrhea (98%), abdominal 
pains (82%), nausea (71%), vomiting (52%), headache (42%), 
fever (27%), and chills (24%) and the infection is usually of 
three-days duration. Dysenteric-like syndrome with blood and 
mucus in the stool have been reported for other countries 
(Wachsmuth et al., 1980).
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Vibrio parahaemolyticus infections can be fatal, and the 
fatality rate during the first outbreak was 7% (International 
Symposium on Vibrio parahaemolyticus, 1973). In Japan, of 
the 81,534 cases reported between 1965 and 1974, 31 deaths 
occurred, a fatality rate of 0.04%.
Vibrio parahaemolyticus usually produces a 
gastroenteritis, however infections of eye, ear, dermal 
wounds and blood have been reported (Tison et al., 1984). 
Five of the six persons with wound and ear infections had 
recent exposure to seawater and the sixth victim was in an 
airplane crash near a seacoast. In another outbreak 33.3% 
of patients with gastroenteritis had not eaten seafood for 
the seven days before onset of disease (Sircar et al., 1976).
Alternate routes of transmission, beside seafood, have 
been reported. The organism has been isolated from flies 
throughout the year in Calcutta, a number of which were 
Kanagawa-positive. It has been proposed that there may be 
fly borne contamination from human feces, sewage, and fish in 
underdeveloped countries such as India.
There is a case-report of a 40-year-old man who had been 
admitted to a hospital with a rash, vomiting, diarrhea and 
fever which erupted two days after bathing and "clamming' in 
Narragansett Bay. Gangrene of the left leg developed and 
cultures of the leg exudate revealed presence of Vibrio 
parahaemolyticus. Amputation below the knee had to be 
performed. This case of leg gangrene and endotoxin shock was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
reported to be caused by Vibrio parahaemolyticus (Roland, 
1970). Such reports provide evidence that Vibrio 
parahaemolyticus can cause infection outside the intestinal 
tract.
Initially it was proposed that Vibrio parahaemolyticus 
be divided into two biotypes. Biotype 2 ferments sucrose, 
grows in 10% NaCl, swarms on agar supplemented with 2-7% NaCl 
and is Voges-Proskaur positive while biotype 1 is negative 
for each of these reactions. In 1968, Biotype 2 was 
designated as Vibrio alginolyticus (Sakazaki, 1968).
The minimum growth temperature for V. parahaemolyticus 
is 9 to 10°C and the maximum growth temperature is 44°C. 
This organism grows optimally at 35-37°C. The pH and salt 
concentration will affect the optimum growth temperature 
(Beuchat, 1973) .
Vibrio parahaemolyticus grows well on thiosulfate 
citrate bile salts sucrose agar medium (TCBS). This plating 
medium was first formulated by Kobayashi et al. in 1963 as a 
selective medium for pathogenic Vibrio species. Since bile 
salts and sodium citrate are present in an alkaline pH of 
8.6, the normal enteric flora grow poorly on TCBS, which 
makes it a suitable medium for the isolation of Vibrio spp. 
from feces. Vibrio parahaemolyticus forms green colonies, 2- 
3 mm in diameter, on TCBS medium.
Vibrio parahaemolyticus is resistant to penicillin, 
colistin and polymyxin, and exhibits variable sensitivity to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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ampicillin, erythromycin, and kanamycin and is sensitive to 
chloramphenicol and gentamicin(Chatterjee et al., 1970 and 
Graevenitz, 1973).
Although sucrose fermentation is one of the primary 
differential characteristics used to identify V. 
parahaemolyticus, many sucrose-positive strains of V. 
parahaemolyticus have been isolated. Ayres and Barrow 
examined 1484 strains and reported 6.9% were sucrose- 
positive. This organism is defined to be urease-negative, 
but urease-positive strains have been isolated. The urease- 
positive organism were confirmed by DNA hybridization to be 
V. parahaemolyticus (Farmer et al., 1985). The phenotypic 
characteristics of Vibrio parahaemolyticus are listed on 
Table 2 (Blake, 1980).
Vibrio parahaemolyticus is a facultative anaerobe with 
both respiratory and fermentative metabolism and produces 
catalase and cytochrome oxidase. It has an extremely short 
generation time of 8 to 9 minutes, which enables the organism 
to multiply very rapidly to reach the infectious dose in 
contaminated foods. The infectious dose for this organism 
has been reported to be 105-107 organisms in persons treated 
with antacids (Blake, 1980).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 2. Phenotypic characteristics of V. parahaemolyticus
TEST__________________________________ Reaction
























a: Negative reaction 
b: Positive reaction
c: 2 ,4-diamino-6,7-diisopropyl pteridine phosphate
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There is a marked seasonality in disease outbreaks 
caused by this organism in the United States, Thailand and 
Japan. Usually infection rates are greatest in the warmer 
summer months and early fall months. Seasonal population 
fluctuations V. parahaemolyticus provide the opportunity for 
this organism to multiply in unrefrigerated foods during warm 
months.
Kaneko and Colwell reported that from late spring to 
early summer, vibrios enter the column water by attaching to 
zooplankton where they proliferate. Their association with 
plankton was mainly during the summer months and their level 
was not detectible during the cold months. V. parah­
aemolyticus counts were higher in association with plankton 
than with water samples. These authors concluded that sur­
vival of this organism is dependent on the host. Bdellovi- 
brio can engulf V. parahaemolyticus and lyse this organism, 
however this lethal event occurs only at 5°C and they can not 
lyse V. parahaemolyticus at high temperature. It has been 
suggested that Bdellovibrio may play a role in the seasonal 
cycle of V. parahaemolyticus. Other factors such as salinity 
may influence the seasonal cycle (Miyamoto and Kuroda, 1975).
Although V. parahaemolyticus is halophilic, it has also 
been isolated in freshwater environs and its association with 
fresh water fishes was studied in 1982 and 1983 in Calcutta 
(Sarkar, 1985).
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Pathogenic strains of V. parahaemolyticus can hemolyze 
rabbit and human red blood cells (Kanagawa phenomenon). V. 
parahaemolyticus produces both a thermostable and a 
thermolabile hemolysin and the former has been reported to be 
associated with pathogenicity. The thermostable hemolysin is 
an exotoxin which is, in part, responsible for the infection 
condition in humans. This hemolysin has been isolated and 
purified (Peters et al., 1982).
The Kanagawa phenomenon can be detected by either using 
Wagatsuma (Wagatsuma, 1968) agar or by immunological methods 
i.e., a modified Elek test (Honda et al., 1980). In the 
Wagatsuma test, the agar plate containing red blood cells is 
spot inoculated with the test organism and examined for a 
zone of beta-hemolysis.
Kanagawa-positive strains can be isolated from the feces 
of patients suffering from gastroenteritis, while Kanagawa- 
negative strains can be isolated from the food source. There 
is little correlation in the Kanagawa-reaction between 
strains isolated from the patient and the causative seafood 
item, a puzzling feature of V . parahaemolyticus.
It was proposed that Kanagawa-negative strains become 
Kanagawa-positive while in the intestine of the patient. 
However, in experiments where Kanagawa-negative isolates were 
fed to human volunteers, the investigators were unable to 
isolate Kanagawa-positive strains.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Approximately 96.5% of clinical isolates and 1 % of 
environmental isolates are Kanagawa-positive (Wachsmuth et 
al., 1980). Hemolysins produced by V. cholera non-01 and V. 
hollisae were characterized and compared to the hemolysin of 
V. parahaemolyticus. The three hemolysins were
immunologically related and appeared to have unique antigenic 
determinants (Yoh et al., 1988).
Guerry and Colwell in 1977 suggested that plasmids may 
be responsible for the production of the hemolysin. Twelve 
strains of V. parahaemolyticus were examined for the presence 
of plasmids and the results indicated that some Kanagawa- 
positive strains carried plasmids. In addition some strains 
were able to receive and maintain plasmids conjugally 
transferred from Escherichia coli.
In 1983, Arai et al. examined plasmids recovered from V. 
parahaemolyticus strains isolated in Japan and Bangladesh. 
Approximately 50% of the strains isolated from stools in 
Japan were found to have plasmids while none of the strains 
isolated from food harbored plasmids. Among the strains 
isolated from patients in Bangladesh, none of the isolates 
carried plasmids while 25% of environmental isolates 
exhibited plasmids, which was the first reported isolation of 
plasmids from environmental isolates.
Recently V. parahaemolyticus maintained in estuarine 
water and on laboratory medium were compared (Pace and Chai, 
1989). Kanagawa-positive estuarine water-grown cells and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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cells grown on laboratory medium reached the late log phase 
of growth at a similar time. Kanagawa-negative cells however 
took longer to reach the late log phase in estuarine water. 
Kanagawa-positive cell numbers decreased rapidly following 
the stationary phase in estuarine water but optical density 
measurements decreased only slightly. These findings suggest 
that the cells were not lysed, but not culturable. It was 
suggested that when cells are in nutrient deficient 
conditions (i.e., estuarine water) Kanagawa-positive cells 
possibly enter the viable nonculturable stage rapidly. It 
has been suggested that the ability of V. parahaemolyticus to 
enter viable nonculturable stage is the reason behind the 
difficulty in isolating Kanagawa-positive strains from the 
environment.
Vibrio parahaemolyticus produces a single, polar, 
sheathed flagellum in liquid medium and unsheathed, lateral 
flagella when grown on solid media. Kimura et al. reported 
that synthesis of lateral flagella can be inhibited at pH of 
8.5 and higher.
The polar flagellum propels the cell through liquid 
environments, while on a solid substrate the cell undergoes 
a morphological change, septation stops and the cell bodies 
elongate. Simultaneously, hundreds of unsheathed, lateral 
flagella are synthesized and are employed to translocate V. 
parahaemolyticus over the solid surface, an event termed 
swarming by Shinoda and Okamoto. When the cells are
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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transferred to a liquid medium, synthesis of lateral flagella 
ceases and the lateral flagella present are shed into the 
surrounding medium (Belas and Colwell, 1982).
In second study conducted by Belas and Colwell (1982) 
adsorption of laterally and polarly-flagellated cells to 
chitin was measured and it was suggested that lateral 
flagella represent a component of these cells that is 
important in adsorption to surfaces. The greater affinity 
V. parahaemolyticus exhibits for surfaces is possibly due to 
the additional surface area created by lateral flagella 
which provide more contact area between the bacterium and the 
solid surface.
It was reported by Costerton et al. (1978) that 
bacterial gums (glycocalyx) provide stable attachment of 
cells to surfaces. Lateral flagella may provide an 
attachment mechanism to a surface but there is still movement 
of bacteria on this surface.
In 1986, Belas et al. examined the regulation of lateral 
flagella gene transcription in V. parahaemolyticus and 
reported that surface dependent expression of lateral 
flagella synthesis was controlled by regulation of 
transcription. The polar flagellum functions as a sensor 
directing expression of swarmer cell genes. The cell senses 
changes in the microviscosity of the environment and responds 
to forces that restrict polar flagella movement and motion 
(McCarter et al., 1988).
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In a study by Tamplin et al. in 1983, serum 
bacteriocidal susceptibility of V. vulnificus, V. 
parahaemolyticus and V. cholera to human serum was examined. 
In this investigation, the ability of V. vulnificus to resist 
the lethal action of human serum and to activate human 
complement was compared to that of V. parahaemolyticus and V. 
cholera. V. vulnificus and V. parahaemolyticus had similar 
survival rates in normal human serum.
The normal habitat for V. parahaemolyticus is the marine 
environment, and most isolates from seafood do not cause 
gastroenteritis which complicates epidemiological studies. 
The Kanagawa test is used to assess the virulence of these 
isolates. It was proposed by Hackney et al. in 1980 that 
adherence can be used to differentiate virulent and 
nonvirulent strains of V. parahaemolyticus. Kanagawa- 
negative strains isolated from seafood were found to adhere 
weakly to human fetal intestinal cell lines, while Kanagawa- 
positive strains adhered strongly. The presence of ferric 
iron increased the adherence intensity of the virulent 
strains.
Since food poisoning can be caused by Kanagawa-negative 
strains, tests other than the Kanagawa phenomenon should be 
used to assess the virulence state of V. parahaemolyticus 
strains. In addition to flagellar antigens, V.
parahaemolyticus like many other Gram-negative bacteria 
possess heat stable 0 antigens (lipopolysaccharide, LPS) and
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capsular antigen (K). In 1987, Bandekar and Nerkar reported 
that LPS of V. parahaemolyticus is much less toxic than that 
of other Gram-negative pathogens. Vibrio parahaemolyticus 
has been divided into twelve O-antigen serotypes.
One common constituent of enterobacterial LPS is 3- 
deoxy-D-manno-2-octulosonic acid (KDO). KDO has not been 
reported to be present in the LPS of V. parahaemolyticus but 
in 1989 Kondo et al. reported presence of "KDO-like" 
substance in the LPS of serotypes 07 and 012 of this 
organism. This substance gave a strong reaction in the TBA 
(thiobarbituric acid) assay and was reported to be 3-deoxy-D- 
threo-hexulosonic acid.
In excess of one hundred Vibrio parahaemolyticus strains 
were examined for the presence of uronic acids, and members 
of the genus Vibrio were divided into two groups; those which 
contain uronic acid in their LPS and those which did not 
(Hisatsune et al., 1982). They reported that V. 
parahaemolyticus, V. alginolyticus, V. fisheri, V. costicola, 
and V. fluvialis did contain uronic acid, while V. 
vulnificus, V. cholera and V. anguillarum did not contain 
uronic acids in their LPS.
Suspensions of live V. parahaemolyticus cells cannot be 
agglutinated with homologous 0 antiserum. If heated (100°C 
for 1-2 hours) a strong agglutination reaction can be 
observed. The inability to agglutinate live cells is due to 
the presence of capsular polysaccharide (K antigen). The
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capsule covers the entire cell surface and interferes with 
the anti-0 agglutination reaction.
Chemical and immunological properties of capsule may be 
of importance in the virulence of Vibrio parahaemolyticus. 
The purpose of this investigation was to examine the chemical 
and immunological properties of V. parahaemolyticus capsular 
polysaccharide.
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CHAPTER I
Chemical Properties Of Vibrio Parahaemolyticus 
Capsular Polysaccharide
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Introduction
The outer membrane of Gram-negative bacteria contain 
structures which are strongly immunogenic. 
Lipopolysaccharide is the main component and constitutes 10 
to 15% of the dry weight of the bacterial cell. Many Gram- 
negative or Gram-positive bacteria produce exopolysaccharides 
(extracellular polysaccharides) termed K antigen from the 
German, "Kapsel". The 0 antigens residing with the LPS are 
located on outer most surface of bacteria. The 0- and K- 
antigens constitute two of the more important antigen groups 
associated with bacterial pathogens. These two antigens, 
because of their location in the outer layer, are involved in 
interactions between bacteria and the immune system of the 
host. Encapsulated bacteria are agents of a variety of 
serious human infections, such as septicemia, meningitis, 
pneumonia, osteomyelitis and septic arthritis.
The extracellular polysaccharides may be in the form of 
distinct cell structures termed capsule or they may be 
excreted in the form of an extracellular slime. The 
distinction between capsule and slime is arbitrary and may be 
of no significance (Boulnois and Roberts, 1990). Slime and 
capsule are probably identical since antibody raised against 
capsule will agglutinate slime layer antigen (Lam and 
Monteiro, 1984).
19
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Capsular polysaccharides may permit the bacterial 
pathogen to escape the lethal effects of the host immune 
system. Many virulent bacterial strains display capsular 
antigens. A relationship has been reported between the 
amount of capsular polysaccharide and serum sensitivity 
(Glynn and Howard, 1970).
It was proposed by Cross (1990) that capsules may help 
the organism to escape the host immune system by inhibiting 
protective antibodies, such as anti-0, or the complement 
components from attaching to the bacterial cell. As a 
consequence, invading organisms escape phagocytosis and 
immune lysis. It has been reported that specific components 
of the complement system, such as C3b which can lead to 
complement-mediated lysis are sloughed prematurely from the 
surface of encapsulated bacteria (Blaste et al., 1988). Also 
the presence of abundant capsular carbohydrate may impede the 
ability of cell wall constituents to induce the inflammatory 
response that may enhance the immune system in elimination of 
the invading organism (Tuomanen et al., 1985).
Bacterial polysaccharides are highly hydrated and 
composed primarily of water (99%). Capsules may play an 
important role by permitting access of molecules and ions and 
promote adherence of the bacterium to cell surfaces. Most 
capsular polysaccharides are hydrophilic and confer a 
negative charge to the bacterial surfaces.
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The first step in phagocytosis is contact between the 
phagocytic cell membrane and the bacterial cell surface, and 
since encapsulated bacteria and the phagocytic cell express 
a net negative charge, they tend to repel each other. The 
capsules of some bacteria contain N-acetylneuraminic acid 
which can provide a binding site for Factor H. The H factor 
is a regulatory protein in the alternative complement pathway 
and binds to complement factor C3b. The H-C3b complex when 
deposited on the bacterial surface results in inhibition of 
the activation of the alternate complement pathway. In some 
instances C3b is deposited on the LPS, beneath the capsule. 
The capsular polysaccharides may act as a barrier and the 
phagocytic cells are not able to interact with factor C3b 
(Moxon and Kroll, 1990).
The production of capsular polysaccharide begins with 
the synthesis of the constitutive sugars and their conversion 
to the nucleotide derivatives. These steps in capsular 
polysaccharide synthesis are primarily cytoplasmic 
activities. Subsequent polymerization of the sugars is 
accomplished usually by an inner membrane bound transferase 
complex. The transferase systems have not been completely 
described. With respect to LPS the polymerization steps 
usually involve a lipid carrier (Sutherland, 1985) . It is on 
this lipid carrier that monosaccharides or oligosaccharides 
are assembled. Whether the lipid carrier plays a role in the 
assembly of capsular polysaccharide is not clear. Many
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capsular polysaccharides are associated with phosphatidic 
acid and this phospholipid may mediate the attachment of 
capsular polysaccharide to the outer membrane of the 
bacterial cell (Schmidt and Jann, 1982). Little is known 
about the final stage in bacterial capsule assembly and 
transfer of the polysaccharide to the extracellular surface 
of the organism. Not all K molecules are bound to the cell. 
The Klebsiella capsule exists in the form of slime not bound 
to the cell (Orskov and Orskov, 1984). Mild extraction 
procedures such as, saline extraction may yield a supernatant 
fluid, following centrifugation, which contains capsular 
polysaccharide (Orskov and Orskov, 1990).
Capsular polysaccharides can exist in either a linear or 
branched form. Branches may consist of a single 
monosaccharide unit, four to six units, or a joining point 
for two identical linear chains. Polysaccharides can consist 
of monosaccharide repeats or of two or more different 
monosaccharide subunit repeats. Monosaccharides commonly 
detected in bacterial polysaccharides include D-glucose, D- 
galactose, D-mannose, D-glucuronic acid, D-galacturonic acid, 
D-mannuronic acid, L-rhamnose, L-fucose, D-glucosamine, and 
D-galactosamine.
Most bacterial polysaccharides unlike plant 
polysaccharides (in which repeating units are not usually 
present) are composed of one to six residue repeating units. 
It has also been reported that O-acetyl groups may be present
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in the capsular antigens of bacteria (Bishop and Jennings, 
1982). Bacterial capsular polysaccharides are usually 
acidic. A number of sugars previously thought to exist in 
LPS exclusively have been detected in bacterial 
exopolysaccharide. For example, E. coli K 15 capsular 
polysaccharide contains KDO (3-deoxy-D-mannooctulosonic acid) 
previously detected in the Rough-core of the LPS moiety. In 
the K15 capsule the negative charge on the capsular 
polysaccharide is not due to the hexuronic acids but to other 
components such as KDO, phosphate, or N-acetylneuraminic acid 
(Jann et al., 1983).
When polysaccharides exist as a homopolymer, they are 
usually glucans, fructans, or polymers of N-acetylamino 
sugars (for example, sialic acid). Hexoses such as, 6- 
deoxyhexoses; pentoses such as, rhamnose and fucose; N- 
acetylamino sugars; and hexuronic acids such as, D-glucuronic 
acid are major components in heteropolysaccharides.
O-methyl sugars are present in a number of bacterial 
capsular polysaccharides. For example, Rhizobium japonicum 
contains up to 13% 4-0-methylgalactose. O-methyl groups in 
these polysaccharides increase the hydrophobicity of the 
polysaccharide.
The structure of bacterial capsular polysaccharides has 
been shown to vary considerably. Some capsular
polysaccharides are linear without side chains and some 
contain side chains of different sizes. Little concerning
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
24
structure is known beyond the sugar composition of these 
bacterial surface polysaccharides. It is not unusual for a 
specific repeat unit and side chain to be shared by many 
organisms which may account for the serological cross 
reactions observed between different capsular polysaccharide 
preparations (Sutherland, 1988).
The molecular weights for several different capsular 
polysaccharides have been estimated. The majority of these 
polysaccharides exhibited weights which were in excess of 
106. These values may represent monomeric or oligomeric 
conformations. The conditions under which the test bacteria 
are grown (solid versus liquid medium) may influence the 
molecular weight of the polysaccharides and may vary from one 
batch to another (Sutherland, 1988).
It has been reported that Vibrio parahaemolyticus may 
produce as many as 59 different capsular polysaccharide 
serotypes. There are no reports of serotype-switching and 
each V. parahaemolyticus strain appears to produce a single 
capsular serological type.
Omeri et al. isolated the capsular polysaccharide from 
V. parahaemolyticus A55. They grew 10 liters of V. 
parahaemolyticus culture. Following incubation, the culture 
was centrifuged and the supernatant fluid was concentrated to 
one liter and dialyzed against distilled water at 4°C for 24 
hours. The fluid was concentrated to 100 ml and lyophilized. 
DEAE column chromatography was used to purify the crude
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capsular polysaccharide and trypsin and pronase were used to 
free the polysaccharide preparation of contaminating proteins 
(Omori et al., 1966).
The chemical structure of Vibrio parahaemolyticus A55 
capsular polysaccharide was examined. The polysaccharide 
preparation was reported to contain 3 to 5% nitrogen, and no 
phosphorous or nucleic acid. Total carbohydrate content 
except the amino sugars was reported to be l.l to 2% by the 
phenol sulfuric assay, and 0.4 to 1.7 per cent protein by the 
Folin-Lowry assay. 0-acetyl content was reported to be 14.5 
to 15-7%. This capsular polysaccharide was acidic but no 
uronic acid (by carbazole assay) or sialic acid (by 
resorcinol assay) were detected.
Torii et al. reported that the hydrolysis of the reduced 
polysaccharide of V. parahaemolyticus yielded two hexosamines 
identical with mannosamine (2-amino-2-deoxymannose) and 
gulosamine (2-amino-2-deoxygulose) by paper and ion exchange 
chromatography. They suggested that the K15 antigen 
extracted from this organism was composed primarily of 
mannosaminuronic acid and gulosaminuronic acid (Torii et al., 
1973) .
There is no question as to the importance of the Vibrio 
parahaemolyticus capsular polysaccharides. Epidemiological 
assessment of the infections caused by this organism requires 
serotyping and the difficulties encountered in serotyping V. 
parahaemolyticus can be eliminated through a better
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understanding of the surface antigens, particularly the 
capsular antigens. The aim of this investigation was to 
chemically characterize the capsular polysaccharide from one 
Vibrio parahaemolyticus strain.
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Materials and Methods
Bacterial Strains. Vibrio parahaemolyticus strains used 
in this study were BB220 (Dr. Bob Belas), ATCC 10136 
(American Type Culture Collection, Rockville, Md.) and 34 
environmental isolates obtained from Dr. L. Ford (DHH, 
Department of Health and Hospitals, Division of Laboratories, 
Alexandria, LA).
Maintenance, Cultivation and Preservation of Vibrio 
parahaemolyticus Cultures. Each strain was maintained at 
room temperature in the dark on maintenance soft agar deeps 
(0.8% Bacto-Tryptone, 2% sodium chloride, 0.4% nutrient 
broth, 0.4% magnesium chloride, 0.4% potassium chloride, and 
0.4% agar. pH 7.3). They were grown on alkaline peptone agar 
(1% Bacto-peptone, 2% sodium chloride, 0.2% yeast extract, 
0.4% magnesium chloride, 0.4% potassium chloride, and 1.5% 
agar. pH 7.5) for 24-48 h at 30°C. They were stored at -70°C 
following propagation on alkaline peptone agar slants for 24 
h. The cells were harvested in 1.5 ml of trypticase soy 
broth which contained 15% glycerol and 0.5 ml of each cell 
suspension was deposited into a sterile cryotube and placed 
at - 70°C.
Preparation of Capsular Polysaccharide (CPS). Forty- 
eight hour Vibrio parahaemolyticus cells were harvested from
27
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20 Roux bottles which contained alkaline peptone agar. The 
Vibrio cells were harvested in 0.15 M sodium chloride, 7 ml 
for each Roux bottle, pooled, stirred vigorously for one hour 
at room temperature and sedimented at 15,000 x g for 2 h The 
supernatant fluid which contained CPS was decanted, heated at 
80°C for 30 min, and sedimented at 10,000 x g for 20 min. 
The supernatant fluid was centrifuged at 105,000 x g for 4 h 
to sediment LPS. Cold ethanol was added to the supernatant 
fluid to give 80 % volume/volume, stirred for 2 h (or 
standing overnight) at 4°C, and the resulting flocculent was 
sedimented. The precipitate was dissolved in distilled 
water, dialyzed against water, and sedimented a second time 
for 4 h at 105,000 g. The supernatant fluid (crude CPS) was 
heated a second time at 80°C for 30 min. and the precipitate 
was discarded following centrifugation. The supernatant 
fluid (crude CPS) was lyophilized. The lyophilized CPS was 
weighed and dissolved in 0.25 M NaCl and applied to Detoxi- 
gel column (Pierce, Rockford, IL.) to remove residual LPS and 
then applied to a Sepharose 4-B column (Pharmacia, 
Piscataway, New Jersey).
Detoxification of CPS. Ten ml of Detoxi-gel was packed 
in a column and washed with saline. The Detoxi-gel was 
stored at 4°C in the dark when not in use. Before use, the 
column was allowed to come to room temperature, and then 
equilibrated with 0.25 M sodium chloride solution. Five to
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ten mg of CPS in 0.25 M NaCl was applied to the Detoxi-gel. 
Samples were collected by gravity flow. Gravity flow 
permitted sufficient contact time with the immobilized 
ligand. The contact time can be increased by stopping sample 
flow for 30 min to 2 h. Each CPS sample was passed through 
the Detoxi-gel two times. The detoxified CPS sample was 
dialyzed against water and lyophilized. To regenerate the 
Detoxi-gel, the matrix was washed with five column volumes of 
1 % deoxycholate (Sigma, St. Louis, MO.), followed by three 
column volumes of distilled water to remove the detergent. 
The Detoxi-gel was stored at 4°C in the dark in 0.02% sodium 
azide in water.
Sepharose 4-B Column. To free the CPS of contaminating 
protein, the CPS was applied to Sepharose 4-B column. 
Sepharose 4-B beads were washed twice in PBS (0.067 M, sodium 
phosphate dibasic, sodium phosphate monobasic and sodium 
chloride. pH 7.3). The gel was suspended in PBS overnight 
prior to packing the column. Five to ten mg of CPS dissolved 
in 2 ml PBS was applied to the column. Elution was done by 
gravity flow, monitored at 280 nm, and 3 ml fractions were 
collected. Phenol sulfuric carbohydrate and Bicinchoninc 
acid (BCA) protein determinations were done on each fraction. 
Phenol sulfuric-positive fractions were pooled, dialyzed 
against water, and lyophilized.
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Carbohydrate Determination of CPS. The carbohydrate 
content for each CPS sample was monitored by either the 
phenol sulfuric or orcinol procedure. The phenol-sulfuric 
assay (Dubois et al., 1956) was done as follows; to 1.0 ml of 
each of CPS fraction, 1 ml of 5 % phenol, 5 ml of 
concentrated sulfuric acid were added and the tubes were 
incubated at room temperature for 1 h. Absorbance was 
determined at 490 nm in a Spectronic 20 spectrophotometer. 
In the orcinol assay, to 1 ml of each CPS fraction in 10 % 
trichloroacetic acid, 3 ml of orcinol reagent (1 % orcinol, 
0.5 % ferric chloride in concentrated sulfuric acid) was 
added, mixed and placed in 90°C water bath for 20 min. After 
the tube contents cooled, absorbance was read at 600 nm.
Protein Determination by the Bicinchoninic Acid (BCA) 
Procedure. The BCA protein assay kit (Pierce. Rockford, IL.) 
contains reagent A (sodium carbonate, sodium bicarbonate, BCA 
detection reagent and sodium tartrate in 0.2 sodium 
hydroxide) and reagent B (4 % copper sulfate solution). The 
BCA protein assay is a combination of the biuret reaction 
which incorporates the unique features of BCA. The working 
reagent was prepared by mixing 50 parts of reagent A with 1 
part of reagent B. To 0.1 ml aliquots of CPS dilutions were 
added 2 ml of the BCA working reagent. Following incubation 
at 37°C for 30 min, the absorbance was measured at 562 nm.
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Nucleic Acid Content. To estimate the nucleic acid 
content in the CPS, dilutions of CPS were prepared and the 
absorbance was measured at 260 nm. The formula (below) was 
used to estimate the level of nucleic acid in the CPS sample. 
Readings should also be taken at 280 nm.
mg per ml of DNA = Absorbance at 2 60 nm
20
mg per ml of RNA = Absorbance at 2 60 nm
23
DNA Determination by the Diphenylamine Reaction. The 
Diphenylamine assay detects deoxyribose in DNA. To a series 
of tubes containing CPS diluted in 10 % trichloroacetic acid 
was added 4 ml of diphenylamine reagent (1 % diphenylamine, 
3 % concentrated sulfuric acid in glacial acetic acid). The 
tubes were mixed and placed in 90°C water bath for 15 min. 
The tubes were cooled and absorbance was measured at 600 nm.
Molecular Weight Estimations of CPS. The CPS elution 
patterns from Sepharose 4B column were used to estimate the 
molecular weight of CPS. The bed volume of the column was 
determined with blue dextran at 280 nm. Three standards of 
known molecular weight were used. T10 dextran, MW of 
10,000; ovalbumin, MW of 45,000; and amylase, MW of 200,000. 
The elution profiles for ovalbumin and amylase were monitored 
at 280 nm and to determine T 10 dextran elution, the phenol
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sulfuric assay was done on each fraction. Next, CPS was 
applied and the phenol sulfuric assay was performed on each 
fraction to elucidate the elution profile for CPS, which was 
compared to that of each standard.
Determination of the Acidic Properties of CPS Using 
Diethylaminoethyl Cellulose (DEAE). DEAE ion-exchanger 
(Whatman. Chifton, New Jersey) was mixed with 15 volumes of 
0.5 N HC1 for at least 30 min. The supernatant fluid was 
decanted and the DEAE was washed with water until pH 4 was 
obtained. Next, the ion exchanger was mixed with 0.5 N NaOH 
for 30 min. The washing step was repeated until a neutral pH 
was obtained. The DEAE cellulose was then placed in 0.02 M 
Tris-HCl and this buffer was changed until a pH of 4.5 was
achieved. Following a degassing step, 0.02 M Tris-base was
added to achieve a pH of 7.0. The ion exchanger was washed 
in 0.02 M Tris-HCl and packed into a column (1.6 x 30 cm). 
The matrix was equilibrated with 0.02 M Tris-HCl and then 20- 
40 mg of CPS, dissolved in 20 ml of 0.02 M Tris-HCl, was
applied. The column was washed with the starting buffer
until no discernible carbohydrate was eluted. Next, 2 M NaCl 
in starting buffer was applied to the column and 4 ml 
fractions were collected. Each fraction was tested by the 
phenol sulfuric assay to identify the carbohydrate containing 
fractions. Dextran sulfate and hyaluronic acid were used as 
standards in this experimental format.
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Hexosamine Assay of CPS. The hexosamine content in CPS 
was determined using the MBTH (3-methyl-2 Benzothiazolone 
Hydrazone HC1) assay (Smith and Gilkerson, 1979). One-half 
ml aliquots of CPS dilution were tested. The volume was 
brought to 1.0 ml with 1 N HC1 to give final concentration of 
0.5 N HC1. The tubes were vortexed, covered with marbles and 
heated for 2 h at 110°C in a mineral oil bath. The tubes 
were cooled and under a fume hood 2.0 ml of 2.5 % NaN02 was 
added to each tube and incubated at room temperature for 15 
min. Next, 1.0 ml of 12.5 % ammonium sulfamate solution was 
added, and after 5 min., 1.0 ml of a 0.25 % MBTH was added 
and incubated in a 37°C water bath for 30 min. Finally 1.0 
ml of 0.5 % ferric chloride was added and the tubes were 
incubated for an additional 5 min at 37°C. After the tubes 
cooled to room temperature, the absorbance was read at 650 nm 
on Spectronic 20. D-glucosamine was used as the standard in 
this assay.
Methyl Pentose Determination. To tubes containing 1 ml 
of various dilutions of CPS, in an ice bath, 4.5 ml of 
concentrated sulfuric acid added. Next, the tubes were 
transferred to a water bath at room temperature for 15 min 
and then to a boiling water bath for 4 min. The tubes were 
placed to a water bath at room temperature and 0.1 ml of 3 % 
cysteine hydrochloride was added, mixed and incubated at room 
temperature for 2 h. Absorbance was measured at both 396 and
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43 0 nm. Methyl pentoses do not have any absorbance at 430 
nm. Hexoses, pentoses and hexuronic acids have the same 
absorbance value at 396 nm and at 430 nm. Therefore, 
subtraction of absorbance at 396 nm from the 430 nm value 
corrects for all absorptions except for the methyl-pentoses 
(Dishe and Borenfreud, 1951). Rhamnose was used as the 
methyl pentose standard in this assay.
Hexuronic Acid Assay in CPS. The carbazole procedure 
(Bitter and Muir, 1962) was used to detect hexuronic acid in 
CPS. Different dilutions of CPS and glucuronic acid 
(standard) were prepared and the volumes were brought to 200 
ul with distilled water. Next, 1.5 ml of a sulfuric acid- 
borate solution (9.56 g Na2B407. 10H20 in 1 liter of 
concentrated sulfuric acid) was added. The tubes were heated 
at 85°C for 60 min, cooled and 200 ul of carbazole reagent 
(625 mg in 500 ml of absolute ethanol) was added. The tubes 
were mixed and heated at 85°C for 15 min. Throughout the 
heating steps each tube was covered with a marble. After the 
tubes cooled to room temperature, the absorbance was read at 
520 nm.
Phosphorus Assay of CPS. The phosphorus assay was done 
on an ashed sample of CPS (total phosphorous), a 
tricarboxylic acid filtrate (inorganic phosphorous) and on 0 
to 8 ug of standards (Sigma Chemical Co. St.Louis, Mo.). A
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CPS sample was ashed by placing 100 ul of the CPS sample in 
a 13x100 mm Pyrex test tube and mixed with 100 ul of 10 % 
Mg(N03)2.H20 in ethanol. The mixture was evaporated to 
dryness over a bunsen burner flame with rapid shaking. The 
mixture was heated further until the brown fume disappeared. 
After cooling, 0.3 ml of I N  HCl was added to each tube, 
which were covered with a marble, and heated in a boiling 
water bath for 15 min to hydrolyze to inorganic phosphate any 
pyrophosphate formed during the ashing procedure.
For the inorganic phosphorous determination, 0.5 ml of 
CPS sample was added to 10 % TCA, mixed, and sedimented. The 
volume of each standard, ashed sample and TCA filtrate was 
adjusted to 4 ml with distilled water. Four ml of the 
phosphorus assay reagent (one volume of 6 N sulfuric acid, 
two volumes of distilled water, one volume of 2.5 % ammonium 
molybdate, and one volume of 10 % ascorbic acid) was added 
and mixed. The capped tubes were incubated at 37°C for 1.5 
to 2 h, cooled and the absorbance was read at 820 nm.
Gas-Liquid Chromatography of CPS. For these procedures, 
glass pipettes were used exclusively and all glassware was 
acid washed. Samples to be examined by gas-liquid 
chromatography (GLC) were prepared according to the procedure 
reported by Laine et al. in 1972. One to three mg of 
lyophilized CPS sample was washed three times with absolute 
ethanol and dried under a stream of nitrogen three successive
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times in an analytical evaporator in a 65°C water bath. 
Three ml of 1 M methanolic-HCl added. The methanolic-HCl was 
prepared by blowing 3.6 g of hydrochloric acid gas into 100 
ml of freshly distilled methanol and stored in freezer. 
Following the addition of methanolic-HCl, the tubes were 
capped with teflon lined caps and placed in an 80°C oven 
overnight. The tubes were cooled to room temperature and 
powdered silver carbonate (EM Science, Cherry Hill, NJ) was 
added to neutralize the sample. The pH was determined by 
adding a portion of the sample to pH paper strip. Then, 0.1 
ml of acetic anhydride was added to tube which contained 
methanol and silver carbonate and incubated at room 
temperature for six h (or overnight) with occasional mixing. 
The supernatant fluid was removed to a second tube, dried 
under nitrogen and washed once with ethanol and dried. Next, 
500 ul of pyridine, 200 ul of Hexamethyldisilazane (HMS) and 
100 ul of Trimethylchlorosilane (TMS) were mixed and, after 
15 min, 100 ul of this solution was added to the sample. One 
to two ul of this preparation was injected into Perkin-Elmer 
3920 B gas chromatograph and detected by Spectra-physics (Sp 
4270) integrator.
Determination of Repeating Units of CPS. To identify 
possible repeating units in CPS, hydrazinolysis was performed 
followed by deamination of the sample. Treated sample was 
applied to P4 column (Bio-Rad. Richmond, California). The P4
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column was equilibrated with 10 % acetic acid. Stachyose, 
raffinose, maltose and mannose were used as tetra-, tri-,di-, 
and monosaccharide standards. One mg of standard mixture or 
1 mg of CPS (hydrazine treated and deaminated) was applied to 
the column. One-half ml fractions were collected and phenol 
sulfuric assay was done on every fraction to determine the 
elution volume of each sugar.
Hydrazinolysis and Deamination of CPS. One to three mg 
of CPS was washed with ethanol and dried under a stream of 
nitrogen. One ml of hydrazine (Sigma Chemical Co. St. Louis, 
MO.) was added (under a hood), the tubes were capped with 
teflon caps and placed in a 100°C oven overnight. Expended 
glassware which included hydrazine ampules were left under 
the fume hood for a few days before washing or discarding. 
The next day, the sample was frozen using liquid nitrogen and 
lyophilized for 2 h. To free the sample of residual 
hydrazine, 1 ml of toluene was added, frozen in liquid 
nitrogen and lyophilized three successive times. For 
deamination, 0.6 ml of distilled water, 17 mg sodium nitrite, 
and 0.3 ml of glacial acetic acid were mixed and added to the 
hydrazine treated CPS sample. The mixture was sonicated for 
30 min and incubated at room temperature for at least 16 h 
with occasional mixing before applying to the P4 column.
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Reduction of CPS Using Sodium Borodeuteride. Ten mg of 
CPS was dissolved in 5 ml of distilled water pH 4.75, 100 mg 
of l-ethyl-3-(3-dimethylaminopropyl) carbodiimide (Sigma 
Chemical Co. St. Louis, MO.) was added. Next, 0.01 M HC1 was 
used to maintain pH at 4.75 for 30-45 min. One gram of 
sodium borodeuteride (CIL. Cambridge Isotope Laboratories) 
was dissolved in 8 ml of distilled water and was added over 
a 30 min period (pH was maintained at 7.0 with 1 M and 4 M 
HC1 solutions). Occasionally, one drop of 1-octanol (Sigma 
Chemical Co.) was added to prevent foaming. Following the 
addition of sodium borodeuteride solution, the preparation 
was mixed for one hour at room temperature. This preparation 
was made slightly acidic with 1 N acetic acid to destroy 
residual sodium borodeuteride, dialyzed exhaustively against 
distilled water and lyophilized.
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Results and Discussion
The identification of each sugar component, the size of 
the repeating unit and linkage for the polysaccharide capsule 
was a formidable task. Molecular weight determination and 
the elucidation of sugar composition in polysaccharides are 
two important steps in the characterization of a 
polysaccharide. Chemical characterization of Vibrio 
parahaemolyticus capsular polysaccharide would provide better 
understanding of the significance of the CPS antigen in 
serology and immunity during infections. This portion of 
the investigation was undertaken to characterize chemically 
the capsular polysaccharide of Vibrio parahaemolyticus BB 
220.
Isolation and Purification of Vibrio parahaemolyticus 
CPS Antigen. Vibrio parahaemolyticus capsular
polysaccharide (CPS) was isolated and purified by methods 
outlined on the flow diagram in Figure 1. Sixty to ninety mg 
of CPS was obtained from organisms propagated in 15 Roux 
bottles. The purified CPS is a whitish, water soluble 
product and produces a viscous solution when dissolved in 
distilled water.
Colorimetric assays showed that CPS contained hexosamine 
(Smith-Gilkerson, 1979), methyl pentose (Dishe and 
Borenfreud, 1951), and hexuronic acid (Bitter and Muir,
39
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1962). Table 3 identifies the component sugars, phosphorous, 
protein and nucleic acid detected in CPS, and estimated 
content by percent dry weight.
Ultracentrifugation and Detoxi-gel were used to rid the 
CPS of LPS. Detoxi-gel has the capacity to remove as much as 
2 mg of LPS per ml of gel matrix. To avoid contamination of 
CPS with protein, gel filtration chromatography on Sepharose 
CL-4B was done to separate CPS from contaminating protein 
rather than utilization of proteolytic enzymes. The eluted 
CPS fractions did not overlap protein containing fractions, 
and the phenol sulfuric positive fractions were pooled, 
dialyzed and lyophilized.
In a prior study, Omeri et al. (1966) attempted to 
isolate and purify Vibrio parahaemolyticus CPS and they 
reported their CPS preparations were contaminated with 
protein and LPS. The CPS isolation employed by us, outlined 
in Figure 1, has not been described previously.
Molecular Weight Determination of CPS. Gel permeation 
chromatography is one of the most widely used techniques by 
which to estimate the molecular weight of an unknown item.
The CPS was sized by gel filtration through a Sepharose 
CL-4B column (Figure 2). Blue dextran was used to determine 
the void volume. The three standards applied to the column 
to mark specific molecular weight elution fractions were T10 
dextran, ovalbumin, and amylase. Two mg of CPS, and each of
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the standards were dissolved in 1 ml of PBS pH 7.3 and run 
through the column. The elution volume for each standard and 
the CPS are listed on Table 2.
Since Vibrio parahaemolyticus CPS eluted approximately 
at the void volume it can be concluded that this 
polysaccharide possesses an average molecular weight of 
approximately 106. A standard curve was prepared by plotting 
fraction number versus log of the molecular wight. Using 
this standard curve, molecular weight of this polysaccharide 
was also determined to be about 106, This value is in the 
range of what has been reported for capsular polysaccharides 
extracted from other microbial species. It should be 
mentioned that the molecular weight determinations obtained 
from Sepharose CL-4B column elution profiles are estimations 
and these values should be regarded with some caution.
Although most laboratories use gel filtration as a 
method to determine molecular weight, the ultimate procedure 
for molecular weight determination is light scattering. 
Since our laboratory is not equipped to perform this task, 
gel permeation chromatography was used. Estimation of the 
molecular weight was very important in this study since 
immunogenecity of bacterial polysaccharide is dependant in 
part on the molecular weight, and the CPS was used to 
immunize mice and rabbits.
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V. parahaemolyticus inoculated onto alkaline 
peptone agar (Roux bottles)
30°C | 48 h
Harvest cells in 0.15 M NaCl
stir I 1 h 
sediment X 15,000 x g 2 h
Heat supernatant 80°C /30 min
sediment I 10,000 x g, 20 min 
I 105,000 x g, 4 h
Add ethanol to supernatant fluid to give 80% vol/vol
Lyophilize, and dissolve CPS in saline, lmg/ml
Apply to: I Detoxi gel
I Sepharose CL-4B
Fig. 1. Preparation of Vibrio parahaemolyticus Capsular 
Polysaccharide (CPS).
Sediment, dissolve ppt in water, dialyze
sediment 105,000 x g, 4 h
Heat supernatant 80°C/30 min
discard pellet
Collect CPS, dialyze and lyophilize
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Table 3. The composition (% dry weight) of capsular 
polysaccharide (CPS) extracted from Vibrio parahaemolyticus 
BB 220.
Assay method Crude CPS* Purified CPSb
Hexosamine 25 ndc





Ad 260 <1 <1
Diphenylamine 0 0
a: Crude capsular polysaccharide 
b: Purified by Detoxi-gel and Sepharose CL-4B 
c: Not done 
d : Absorbance













dextran. 2 4  -
.20 -
protein
. 0 8  -
. 0 4  -
10 15 20  25 30 35 40  45
fraction no.
Fig 2. Gel filtration of V. parahaemolyticus BB 220 CPS on 
Sepharose CL-4B column.
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Table 4. The elution profiles for three molecular weight 
standards and the capsular polysaccharide (CPS) extracted 
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DEAE-Cellulose Column Chromatography. Several
polysaccharide constituents can be responsible for providing 
acidic characteristics, among these are; phosphate groups, 
sulfate groups, and uronic acids. DEAE column chromatography 
was used to determine the acidity of Vibrio parahaemolyticus 
CPS.
The two standards used in this experiment were dextran 
sulfate and hyaluronic acid. Twenty to forty mg of CPS and 
each standard were applied to the column. When no detectible 
carbohydrate was eluted from the column, a NaCl gradient (0 
to 2 M in starting buffer) was applied and the subsequent 
fractions were collected. Phenol sulfuric positive fractions 
were identified for CPS, dextran sulfate, and hyaluronic 
acid. The elution profiles and NaCl molarity are listed on 
Table 5. The Vibrio parahaemolyticus capsular carbohydrate 
eluted at a NaCl molarity of 0.25 which indicated that CPS 
bound to the DEAE ion exchanger and is an acidic 
polysaccharide.
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Table 5. Elution profiles for Vibrio parahaemolyticus 
capsular polysaccharide (CPS) and two acidic carbohydrate 
standards from DEAE.
Carbohydrate Elution volume NaCl molarity
Dextran sulfate 315 ml 1.25 M
Hyaluronic acid 135 ml 0.5 M
CPS 60 ml 0.25 M
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Gas-Liquid Chromatography (GLC) of CPS. GLC is used 
routinely in the analysis and identification of sugars. The 
two most widely used derivatives are trimethylsilyl (TMS) 
derivatives and alditol acetates. TMS derivatives give 
several peaks for each sugar whereas alditol acetate 
derivatization produces one peak for each sugar. The alditol 
acetate methodology is time consuming and may produce dirty 
chromatographs. In alditol acetate derivatization, problems 
may arise when the component sugar of interest is a minor 
constituent (less than 1%) also side reactions between the
component sugars and other constituents in the sample may
occur (Fox et al., 1983 and Gilbert et al., 1986). 
Therefore, TMS derivatives were used in this investigation.
Figure 3 shows a gas-liquid chromatogram of Vibrio 
parahaemolyticus BB 220 CPS. One to three mg of CPS was used 
for sample preparation in gas-liquid chromatography. One to 
two ul of each TMS derivative was injected into Perkin-Elmer 
3920 B gas chromatograph and detected by a Spectra-physics 
(sp 4270) integrator.
The GLC chromatogram in figure 3 shows the comparable 
retention times and peak patterns for three different
monosaccharides, and was concluded that Vibrio 
parahaemolyticus CPS is composed of three different
monosaccharides.





Fig 3. Gas-liquid chromatogram of a TMS derivative of 
Vibrio parahaemolyticus BB 220 CPS from a 6 ft x 1/2 in 
column of 3% SE-30 on 80/100 mesh. Temperature programmed 
from 150° to 250° at 4° per minute. The carrier gas was 
helium.
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To identify each constitutive sugar in the CPS, two sets 
of standards were prepared and the CPS gas chromatogram (Fig. 
3) was compared to chromatograms for each set of standards. 
The first standard was prepared by mixing galactose, glucose, 
N-acetyl glucosamine, and inositol. The second set of 
standards included fucose, mannose, N-acetyl galactosamine, 
and inositol. These standards were examined by GLC under the 
same conditions as for Vibrio parahaemolyticus CPS. Figures 
4 and 5 present the gas-liquid chromatograms for each set of 
standards.
By comparing the gas-liquid chromatograms of CPS to the 
first standard set, two sugars, galactose and glucose 
exhibited the same GLC profiles as did two unknown 
monosaccharides in the CPS. Upon examination of the second 
standard set the fucose peak exhibited a profile identical to 
one sugar in BB220 CPS. The retention time for each sugar is 
presented on Table 6.
The results of gas-liquid chromatography suggested that 
three constitutive sugars of CPS were fucose, galactose, and 
glucose, a finding that was further supported by mass 
spectroscopy (Figure 6).
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Fig 4. Gas-liquid chromatogram of a TMS derivative of V.  
parahaemolyticus BB220 CPS (upper panel) and standard set no. 
1 (lower panel).
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Fig 5. Gas-liquid chromatogram of V. parahaemolyticus BB 
220 CPS (upper panel) and standard set no. 2 (lower panel).
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Table 5. Retention times for standard sugars and Vibrio 
parahaemolyticus BB220 CPS.
Component Retention times fmint









Fucose 9.51-10.32, 10.32-10.94, 10.94-11.58
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Reduction of CPS with Sodium Borodeuteride. Due to 
unusual resistance of uronic acids to acid hydrolysis, when 
CPS is TMS-derivitized for gas-liquid chromatography 
examination, the uronic acids (if present) can not be 
detected. This problem can be overcomed if uronic acids are 
reduced to their corresponding neutral sugar prior to 
hydrolysis. When uronic acids are reacted with carbodiimide, 
the carboxyl groups can be reduced with sodium borodeuteride. 
In a single reduction more than 95% of the uronic acids 
present in a polysaccharide can be reduced (Taylor et al., 
1976) . To determine if uronic acids are present, the CPS was 
reduced and if uronic acids were present, a new peak should 
emerge in the chromatogram. Gas-liquid chromatography was 
performed on both reduced and nonreduced CPS. The 
chromatograms are shown in Figure 7, and no new peaks 
appeared in the reduced CPS sample, which indicate that 
uronic acids are not present in the CPS of Vibrio 
parahaemolyticus.





- T T-r̂ r





Fig 6. Mass spectroscopy of V. parahaemolyticus BB 220 CPS. 
Capillary GC 50 meter DB5, 0.35 helium flow. Temp 150 to 250 
C at 6 /min. Finningin ITD Ion trap detector, Cl mode 
(methane). Mass range 10-650. Trimethylsilyl methyl 
glycosides after methanolysis of capsular material.
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Fig. 7. Gas-liquid chromatogram of non-reduced V. 
parahaemolyticus BB 220 CPS (upper panel) and reduced CPS 
(lower panel).
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Hydrazinolysis and Deamination of CPS. The CPS was 
treated in an attempt to determine the size of the repeating 
unit. Following hydrazinolysis and deamination of the CPS, 
the resulting preparation was applied to a P4 column and 0.5 
ml fractions were collected. The purpose of hydrazinolysis 
and deamination was to hydrolyze the bond following each 
amino sugar (if present). A phenol sulfuric assay was done 
on every fraction. The three standards used in this 
experiment were the tetrasaccharide stachyose, the 
trisaccharide raffinose, the disaccharide maltose, and the 
monosaccharide mannose.
The elution volumes for each sample from the P4 column 
are listed in Table 7. Two elution peaks were detected for 
the CPS. One peak at 40 ml and the second at 109 ml which 
corresponds to the monosaccharide. These findings suggest 
that since the polysaccharide did not contain amino sugars in 
the main chain, the CPS was not hydrolyzed and the first peak 
(at 40 ml) represents nonhydralyzed CPS and the second peak 
(which corresponds to that of monosaccharide) represents 
monosaccharides generated during the hydrazinolysis 
preparation process. There is also the possibility of the 
presence of side chain in this polysaccharide which is 
composed of a single amino sugar. It should be mentioned 
that the amount of carbohydrate eluted at 109 ml was 
considerably less than that eluted at 40 ml.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
58
Table 7. Elution volumes of CPS and standards on P4 
column.
Carbohydrate Elution volume
Stachyose (tetrasaccharide) 88 ml
Raffinose (trisaccharide) 92 ml
Maltose (disaccharide) 98 ml
Mannose (monosaccharide) 110 ml
CPS
•Peak 1 40 ml
bPeak 2 109 ml
a: First carbohydrate peak eluted.
b: Second carbohydrate peak eluted.
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Capsular polysaccharide was extracted and purified from 
three different V. parahaemolyticus strains; BB 220, ATCC 
10136, and L 104. A monoclonal antibody was produced 
against the CPS of BB220. The anti BB 220 CPS monoclonal 
antibody reacted with ATCC strain and not the L 104 strain. 
GLC chromatograms for each of these three Vibrio 
parahaemolyticus stains are shown in Figure 8. The gas 
chromatogram of ATCC 10136 CPS was similar to that of BB 220, 
while gas chromatogram for L 104 CPS was different. These 
findings show that in different serogroups there is a 
variation in sugar composition of capsular polysaccharide.
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Fig. 8. Gas-liquid chromatogram of V. parahaemolyticus BB 
220 (panel A), ATCC 10136 (panel B) and L 104 (panel C).
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V. parahaemolyticus, a causative agent of bacterial food 
poisoning, has been isolated from many sources all over the 
world. This organism has become of increasing importance 
from the medical and public health point of view.
This pathogenic organism is encapsulated and elucidation 
of its capsular structure could be of value in better 
understanding the infectious process promoted by this 
organism. The CPS was characterized in this investigation.
In this study, an isolation and purification protocol 
for the CPS of V. parahaemolyticus was formulated. The sugar 
composition was determined by colorimetric assays, gas-liquid 
chromatography and mass spectroscopy.
V. parahaemolyticus CPS is an acidic polysaccharide of 
a molecular weight of about 106. No uronic acids are 
present in this CPS, and three of the constituting sugars are 
fucose, glucose and galactose.
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CHAPTER II
Immunological Properties of Vibrio parahaemolyticus 
Capsular Polysaccharide
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Introduction
Many capsular polysaccharide (CPS) preparations 
extracted from various pathogens are poor immunogens, and 
differ greatly in their degree of immunogenicity. For 
example, group A meningococcus capsular polysaccharide is an 
effective immunogen while group B meningococcus CPS, a 
homopolymer of N-acetylneuraminic acid, is a poor immunogen 
for man. Many bacterial polysaccharides are structurally 
similar to carbohydrates native to mammalian tissues (Moxon 
and Kroll, 1990), and group B CPS is structurally related to 
hyaluronic acid found in mammalian connective tissue (Finne 
et al., 1983).
For most polysaccharide antigens a relationship does 
exist between molecular size and degree of immunogenicity for 
most polysaccharide antigens. It has been shown that 
dextrans of a molecular weight of 90,000 or greater are 
immunogenic while dextrans with a molecular weight of 50,000 
or lower are non-immunogenic. As a rule, polysaccharides 
must possess a molecular weight of 45,000 + 5000 to exhibit 
immunogenic properties (Bishop and Jennings, 1982).
Activation of B lymphocytes to synthesize and secrete 
immunoglobulin usually requires the cooperation of T helper 
lymphocytes. Some antigens, such as bacterial capsular 
polysaccharides, are T-cell independent and may provoke 
antibody production by B-cells directly, usually IgM
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
64
exclusively. These T-independent CPS are also, inherent in 
their structure, B-cell mitogens.
The antibody response to a purified preparation of 
capsular polysaccharide is different than the response to the 
same polysaccharide when it is administered as an integral 
part of a whole cell vaccine (Jennings, 1983). When the 
polysaccharide is integrated within the bacterium, the 
resulting immune response is often T cell-dependant and IgG 
is produced.
Jennings and Lugowski in 1981 reported that group A and 
C meningococcal polysaccharides conjugated to protein 
carriers produced polysaccharide specific IgG antibodies in 
mice. When animals are immunized with CPS-protein carrier 
conjugates the immune response also appears to be a T cell 
dependant response.
Rabbits respond poorly to purified capsular 
polysaccharides and as a consequence anti-CPS is usually 
produced by immunizing animals with encapsulated cells 
instead of purified CPS. Often, CPS alone may provoke a 
state of immunological tolerance or unresponsiveness (Orskov, 
1956). Recently monoclonal antibody has been produced to the 
capsular polysaccharide of some bacterial pathogens. For 
example, anti-capsular monoclonal antibodies have been 
produced against the CPS of both Staphylococcus aureus 
(Hochkeppel et al., 1987) and E. coli (Abbe et al., 1988).
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Immune tolerance or unresponsiveness induced by some 
capsular polysaccharide preparations may be due to their 
similarity in structure to glycoproteins or polysaccharides 
present in the host or the inability of the host to 
catabolically degrade these components.
Evidence that some species in the genus Vibrio exhibit 
flagellar antigens unique to that species has been reported 
(Shinoda, 1983). Since the flagellar (H) antigens of Vibrio 
parahaemolyticus appear identical in all the strains tested, 
a serological typing scheme within the species which utilizes 
this structure is not possible. Currently, serological 
types of Vibrio parahaemolyticus are recognized through 
detection of capsular polysaccharide (K) antigens and 
somatic(0) antigens. The K antigen is thermolabile while the 
0 antigen is thermostable, which permits the serologist to 
distinguish K and 0 serotypes in vitro.
The most widely used serotyping scheme is that developed 
by Sakazaki et al. (1968). They examined 2720 V.
parahaemolyticus strains isolated from humans, and 650 
isolates recovered from fish and water. They identified 11 
0 groups and 47 K antigens and currently 12 O and 59 K 
antigens have been detected. Table 8 lists the 0 serogroups 
and K serotypes of V. parahaemolyticus. There is a good 
correlation between the 0 and K antigens, in that specific K 
antigens associate with specific 0-groups.
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Table 8. 0 and K antigens of Vibrio parahaemolyticus.
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Group-specific serum was raised in rabbits immunized 
with heat-fixed, whole cell vaccines while anti-K 
serological-typing serum was produced in rabbits immunized 
with ethanol killed whole cells. To detect and discriminate 
serologically K-antigens whole, live cells were tested with 
anti-K serum, while O-antigens can be detected on cell 
suspension which had been heated to 100°C for 2 h.
Miwatani et al. suggested that since most environmental 
isolates and some clinical isolates can not be serotyped with 
anti-K serum (they lack capsule or possess unknown capsule), 
they should be characterized with 0 antiserum. Sakazaki 
however reported that O antigen analysis was impractical and 
that K antigen detection was a more reasonable approach, 
since recent isolates exhibit considerable capsule.
Chun et al. (1974) attempted to serotype, with anti-K 
serum, 478 V. parahaemolyticus strains isolated in Korea 
during the period of January to December of 1972. They 
successfully serotyped 284 of these strains, while 194 were 
not serologically typable. They suggested that many more K 
types are distributed throughout the world than those 
identified and reported by the Japanese. In addition, 33% of 
marine isolates recovered in Korea were Kanagawa-positive, 
which was not in agreement with findings in Japan.
Anti-K typing serum, available in the United States from 
Nichimen Company, Inc. in New York, is the antiserum produced 
by Toshiba Kagaku Kogyo Company in Tokyo, Japan. The
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Japanese reported that most strains can be serotyped with 
anti-K antiserum, which is in contrast with serological 
findings reported in other countries (Nair et al., 1985; Chun 
et al., 1974; Fujino et al., 1972; and Twedt et al., 1969). 
A high percentage of encapsulated V. parahaemolyticus strains 
isolated in the U.S.A. can not be identified serologically in 
the Japanese anti-K serotyping scheme.
Orskov and Orskov (1990) in a review article pointed out 
that it is not possible to demonstrate a qualitative 
difference between anti-LPS antibodies in sera produced in 
animals immunized with live or heated cells. They suggest 0 
inagglutinability is not absolute and O-antiserum can 
agglutinate live cells but with a reduced titer.
Twedt et al. examined and compared morphological,
cultural, biochemical, and serological relationships among 
Japanese and United States V .parahaemolyticus strains. They 
reported that close relationships exist and that some but not 
all strains agglutinated in anti-K serum.
Fujino et al. (1972) reported that because some American 
isolates can not be typed by Japanese anti-K serum. Many 
undetectable cases of V. parahaemolyticus infection occur in 
the U.S.A.
Three-hundred twenty-four V. parahaemolyticus isolates 
recovered from three aquatic environments in India were
serotyped using the anti-K serum produced by the Toshiba
Company. They reported that 50.9% of 324 environmental
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isolates were typed serologically. One capsular serotype 
frequently encountered was serotype 05:K17, which was also 
frequently isolated from British coastal waters, West Africa, 
subtropical waters of the northern Gulf of Mexico and from 
seafoods in the United States. They reported that there is 
a distinction in serotypes isolated from environment as 
opposed to pathogenic strains retrieved from the same 
environment. There may be different K serotypes that 
predominate in the environment versus those responsible for 
gastroenteritis (Nair et al., 1985).
Aldova in 1989 conducted a serological survey on V. 
parahaemolyticus isolates recovered in Bulgaria and Rumania, 
and reported that there were instances where the prevalent 
clinical and environmental isolates were of the same K 
serotype. Aldova reported that from a single marine water 
specimen a variety of V. parahaemolyticus K serotypes could 
be isolated and some serotypes are present in predominating 
numbers. As a consequence more colonies had to be examined 
to detect less common serotypes.
Onokodi and Wauters (1981) have described a simple 
method for capsular typing of Klebsiella. They used 
staphylococcal cells or latex beads coated with rabbit anti-K 
serum and examined culture supernatant fluids as antigen. It 
has been suggested that this rapid and reliable method can 
replace capsular swelling, or Quellung reaction currently 
used to identify capsular types.
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The objectives of this portion of the investigation were 
to characterize the immunological properties of V. 
parahaemolyticus capsular polysaccharide, produce a 
monoclonal antibody to this polysaccharide, employ the 
monoclonal antibody as a coagglutination reagent on latex 
beads and detect the polysaccharide attached to the bacterial 
cells or free in the cultural supernatant.
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Materials and Methods
Bacterial Strains. Bacterial strains used in this study 
were Vibrio parahaemolyticus BB220 (Dr. Bob Belas), ATCC 
Strain 10136 (American Type Culture Collection. Rockville, 
Md.), and 34 environmental isolates obtained from DHH 
(Department of Health and Hospitals, Division of 
Laboratories, State of Louisiana).
Capsular Polysaccharide Extraction. The capsular 
polysaccharide of Vibrio parahaemolyticus was extracted 
according to the procedure described elsewhere in this 
dissertation.
Rabbit Immunization. Back hair of an outbred New 
Zealand white rabbit was clipped and then the back hair was 
completely removed by application of a depilatory (equal 
parts of barium sulfide and soluble starch were mixed in warm 
water and a few drops of liquid soap was added to make a thin 
suspension). The next day, 3 mg of crude capsular 
polysaccharide in Freund's complete adjuvant was injected 
intradermally in 20 to 25 sites on the back of the rabbit. 
A booster injection (3 mg CPS in Freund's incomplete 
adjuvant) was administered one month later. The same 
immunization scheme was followed for a second rabbit 
immunized with purified CPS.
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Ring Precipitin Test. The ring precipitin test was used 
to screen serum for the presence of anti-K activity. Rabbit 
anti-K serum were delivered to the bottom of glass capillary 
tubes with a syringe fitted with a 20 G needle. Next, 
dilutions of CPS were made starting with 1 mg CPS/ml and 
carefully layered on top of the antiserum using a syringe 
fitted with a 25 G needle. Tubes were incubated at room 
temperature for one hour and examined for precipitin at the 
CPS-serum interface. Titer was recorded as the greatest 
dilution of CPS that produced discernible precipitate.
Precipitin Reaction in Gel (Ouchterlony). Wells were 
punched in an Ouchterlony plate which contained gel (5 % 
borate buffer, 1% of 0.5 % sodium azide solution, and 1.5% 
of Noble agar). Rabbit polyclonal antibody was delivered to 
the central well and various dilutions of CPS were placed in 
each of six peripheral wells. The plates were placed in 
humidity chamber and examined every 24 h for discernable 
precipitin lines. A control plate which contained normal 
rabbit serum in place of anti-CPS serum was also set-up.
Coupling of CPS to Rabbit Erythrocytes by Chromium 
Chloride. Whole rabbit blood was collected and mixed with an 
equal volume of Alsevers solution. To 0.5 ml of packed RRBC, 
washed three times in cold saline, was added 0.5 ml of CPS (3 
mg per ml). Immediately 0.5 ml of 0.1 % chromium chloride
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solution was added and suspension was mixed and incubated at 
room temperature for six minutes with occasional stirring. 
The coupling reaction was stopped through the addition of 10 
ml of cold PBS (99.11 g of KH2P04, 13.5 g of KHP04/ and 8.6 g 
of NaCl in 1 liter of water, pH 7.7). The CPS-sensitized 
RRBC were washed three times in cold PBS and used as antigen 
in passive hemagglutination assay.
Passive Hemagglutination Assay (PHA) . A 0.5% suspension 
of CPS-RRBC in PBS was prepared. The rabbit antiserum was 
placed in a 56°C water bath for 30 min to inactivate 
complement activity. One-half ml of CPS-sensitized RBC was 
added to each tube in a series which contained 0.5 ml 
dilutions of antiserum in PBS (1:10 to 1:5120). The tubes 
were incubated at 37°C for 90 min and hemagglutination 
patterns were read. The tubes were incubated for additional 
24 h at 4°C and hemagglutination patterns were examined 
again.
Slide Agglutination. Vibrio parahaemolyticus isolates 
to be tested were grown on alkaline peptone agar slants for 
24 h at 30°C and the cells were harvested in 0.5 ml of 
saline. One drop of each cell suspension was placed on a 
glass surface and mixed with one drop of antibody. The slide 
was tilted from side to side and examined for evidence of 
agglutination over a three minute period. For
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coagglutination, cells were grown in trypticase soy broth 
supplemented with 2% sodium chloride for 24 h at 30eC. Cells 
were spinned down and supernatant fluid was used for 
coagglutination. Coagglutination reagent was prepared by 
coating 8 micron latex beads (Sigma Chemical Co. St. Louis, 
MO.) with antiserum. Slide agglutination was performed as 
described above.
Preparation of Latex Coagglutination Reagent. One ml of 
latex beads, 8 micron diameter, (Sigma Chemical Co., St. 
Louis, MO.) was mixed with 9 ml of glycine-buffered saline 
(GBS; 7.3 g glycine, 10 g NaCl, 1 g sodium azide, in 1 liter 
of water, pH 8.2), centrifuged at 2000 x g for 20 min, 
resuspended in 10 ml of GBS, washed, and resuspended in 10 ml 
of GBS. A 1:200 dilution of the latex bead suspension was 
prepared and the OD was measured in Spectronic 20 at 650 nm. 
The 0D reading should be 0.28 + 0.02. GBS was added to the 
latex suspension to give the recommended OD. The 
standardized latex beads were stored at 4°C. One volume of 
Mab or rabbit polyclonal antibody was added to one volume of 
the standardized latex beads, mixed and placed in a 37°C 
water bath for 2 h. The beads were centrifuged at 3000 RPM 
for 30 min, resuspended in one volume of GBS-BSA (0.1 % BSA 
in GBS) and refrigerated overnight before use.
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Kanagawa Phenomenon. Wagatsuma blood agar was used to 
detect Kanagawa-positive Vibrio parahaemolyticus cells. 
Wagatsuma blood agar (WBA) was prepared with 5% washed rabbit 
erythrocyte added to a tempered base composed of 0.5% yeast 
extract, 1% peptone, 7% sodium chloride, 0.0001% crystal 
violet and 1.5% agar, pH 7.5 (Sakazaki at al., 1968). Vibrio 
isolates were inoculated linearly on WBA and incubated at 
37°C for 24-48 h. The appearance of a hemolysin zone around 
bacterial growth was recorded as positive while no hemolysis 
was recorded as negative.
Production of Anti-CPS Antibody in Mice. To determine 
the appropriate immunization scheme for mice, one group of 
mice was immunized with CPS and another group with live 
Vibrio parahaemolyticus cells. Immunization schedules are 
presented on Tables 9a and 9b. The mice were test bled and 
the antiserum was tested by CPS-ELISA.
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Table 9a. Immunization schedule and dose for mice 
immunized with crude CPS by intraperitoneal route.







Table 9b. Immunization schedule and dose for mice 
immunized with live Vibrio parahaemolyticus cells.
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CPS-ELISA. Each well of a polyvinyl chloride 96 well 
microtiter plate (Dynatech Laboratories. Chantilly, Virginia) 
was washed with 200 ul of PBS-AZ (8.0 g NaCl, 0.2 g KH2P04,
1.4 g Na2HP04, 0.2 g KC1 and 0.2 g NaN3 in a liter of 
distilled water pH72). To each well was added 50 ul of 50 
ug/ml concentration of purified CPS solution in PBS-AZ. The 
microtiter plate was incubated uncovered at 37°C overnight to 
dry each well. The wells were washed 3 min with PBS-AZ. 
Then 200 ul of 2% BSA in PBS-AZ (blocking reagent) was added 
to each well and incubated at 37°C for 2 h. The wells were 
washed 3 min with PBS-AZ, and then 50 ul of antiserum diluted 
in 1% BSA (hybridoma supernatant fluid or mouse serum) was 
added and incubated at room temperature for one hour. The 
wells were washed for 1 min and then three times for 3 min 
with PBS-AZ. Fifty ul of a 1:200 dilution of antimouse 
polyvalent immunoglobulin-alkaline phosphatase conjugate 
(Sigma Chemical Co. St. Louis, MO.) in 1% BSA-PBA-AZ was 
added to each well and incubated at room temperature for one 
hour. Following several washing steps 200 ul of sigma 104 
phosphatase substrate (p-nitrophenyl phosphate disodium) at 
a concentration of 1 mg/ml in diethanolamine buffer (97 ml of 
diethanolamine, 0.2 g NaN3, 0.1 g MgCl2.6H20 in one liter of 
water, pH 9.8) was added to each well, incubated at 37°C for 
30 min and the color reaction was stopped by addition of 3 N 
NaOH (50 ul/well). Absorbance was read at 405 nm in a manual 
ELISA reader (Bio-Tek, Inc.). Serum or hybridoma fluid
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dilutions which exhibited an absorbance of 0.6 or greater 
were considered positive. Negative controls routinely showed 
absorbance values of 0.2 or less.
CPS Monoclonal Antibody Production. Six week-old female 
Balb/c mice were immunized intraperitonealy with live Vibrio 
parahaemolyticus according to the immunization schedule shown 
on Table 10. On week 6, before fusion, a mouse was test bled 
and the serum was used as a positive serum control in the 
CPS-ELISA. Normal mouse serum was used as a negative- 
control. Hybridomas were produced by methods described by oi 
and Herzenberg (1980) with some modification. The spleen 
from an immune mouse was removed and placed in CMF-Hanks 
solution (0.4 g KC1, 0.06 g KH2P04, 8 g NaCl, 0.09 g Na2HP04- 
7H20, 1.0 g glucose were dissolved in 975 ml of 2x distilled 
water, and 2 ml of 0.5 % phenol red, and 25 ml of sterile 
1.4% NaHCOj were added). The spleen was washed three times 
with CMF-Hanks, minced and washed three additional times in 
CMF-Hanks to collect spleen cells. Spleenocytes were mixed 
at a 1:1 ratio with Sp2/0 myeloma cells (American Type 
Culture collection, Rockville, Md.) in 50 % polyethylene 
glycol 1500 in 75 mM Hepes (Cell Biology Boehringer Mannheim. 
West Germany).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 10. Immunization protocol used to immunize Balb/c mice 
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Following fusion the cells were sedimented and suspended 
in RPMI medium (Gibco Laboratories. Grand Island, N.Y.) 
supplemented with 1 % nonessential amino acids (Flow
Laboratories. McLean, Va.), 31 mg of penicillin G and 66 mg 
of streptomycin sulfate (Sigma Chemical Co.) per liter, and 
15 % fetal bovine sera (Gibco. Grand Island, N.Y.). The 
fused cells were seeded into each well of a 96 well plate 
which contained a feeder layer of Balb/c thymocytes (106 
cells/ml). The cells were fed for 5 consecutive days with 
RPMI (prepared as described above) supplemented with 15% 
fetal bovine serum, 5 mM hypoxanthine, 0.02 mM aminopterin, 
and 0.8 mM thymidine (Sigma Chemical Co. St. Louis, Mo.). 
Subsequently the cells were fed as needed with medium without 
aminopterin. Monoclonal antibody secreting hybridomas were 
detected by CPS-ELISA and the hybridomas producing anti-CPS 
antibody were cloned three times by limiting dilution.
Isotyping of Monoclonal Antibody. The isotyping kit 
(The Binding Site LTD, University of Birmingham Research 
Institute) was used to identify the immunoglobulin class and 
subclass secreted. The kit is an Ouchterlony immunodiffusion 
format which employs anti-class and subclass antisera. 
Approximately 75 ul of hybridoma supernatant fluid was 
delivered to the center well and 10 ul of each of the six 
antisera against the mouse heavy chains IgGl; IgG2a; IgG2b; 
IgG3; IgA and IgM were delivered into each of the outer six
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wells of the rosette. The lid was replaced and plate was 
incubated at room temperature for 24-48 hrs.
Production of Monoclonal Antibody in Ascites Fluid. 
Balb/c mice were primed with 0.5 ml of 2,6,10,14-tetramethyl 
pentadecane (pristane) ten and four days before the hybridoma 
cells were administered. Ascites fluid was collected from 
the peritoneal fluid of 5 to 6 mice, pooled and clarified by 
centrifugation. Monoclonal antibody was recovered from 
ascites fluid with 50% saturated ammonium sulfate 
fractionation, and purified on protein A-sepharose CL-4B 
(Sigma Chemical Co. St. Louis, MO.). The protein 
concentration was determined either by BCA protein 
determination or by reading absorbance at 280 nm and 
calculated using the following formula:
mg of IgG/ml = Absorbance at 280 nm
1.4
Selected hybridomas were preserved in the following 
manner. Hybridomas were grown in 200 ml of growth media and 
the cells were sedimented and suspended in 5 ml of cold 
preservation media [culture media which contained 2 0% serum 
and 10% DMSO (Dimethyl sulfoxide)). One ml of this mixture 
was transferred to sterile 2 ml cryotubes and frozen under 
liquid nitrogen.
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Protein A Affinity Purification of Mab. One volume of 
0.5 M phosphate buffer, pH 8, was added to four volumes of 
serum. The serum was applied and absorbed into a Protein A- 
Sepharose column. The matrix was washed with 0.1 M phosphate 
buffer until no proteins were detectible in the effluent. 
Citrate buffer, pH 4.5, was used for the elution. The eluted 
proteins were dialyzed against PBS. Protein concentration 
was measured with BCA assay, adjusted to 1 mg/ml and freezed 
at -20°C.
Coagglutination Using Coated Latex Beads. Latex 
coagglutination reagents were prepared with anti-CPS 
monoclonal antibody as described elsewhere in this 
dissertation. Vibrio parahaemolyticus isolates were grown on 
alkaline peptone broth for 24-48 h at 30°C, and the cells 
were sedimented and the supernatant fluid was used as CPS 
antigen. One drop of anti-CPS beads (coated with Mab or 
polyclonal antibody) was placed on a glass surface and mixed 
with one drop of supernatant fluid. They were examined for 
agglutination over 3 min. Non-coated latex beads were used 
as a control.
Mouse Protection Study. Three groups of Balb/c mice (10 
mice in each group) were used in this study. Groups 1 and 2 
were given 500 ug and 125 ug of anti-CPS Mab 
intraperitonealy. Twenty-four h later, the mice in each
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group were challenged with 109 and 1010 live Vibrio 
parahaemolyticus cells and survivors were tabulated over 72 
h. The third group was not given anti-CPS Mab but were 
challenged with 109 and 1010 Vibrio parahaemolyticus cells. 
The cell numbers were standardized using Klett-Summerson 
colorimeter (1010 colony-forming units/ml = 380 Klett units 
with 540 nm filter).
Preparation of a Protein A-Anti CPS Affinity Matrix. 
Protein A-sepharose CL-4B was mixed with anti-CPS Mab in 0.1 
M borate buffer, pH 8.2 for 30 min at room temperature with 
gentle mixing. The Sepharose beads with immobilized anti-CPS 
were washed in borate buffer and then in 0.2 M 
triethanolamine solution, pH 8.2. The beads were resuspended 
in 20 volumes of 50 mM dimethyl pimelimidate dihydrochloride 
(Pierce) prepared in 0.2 M triethanolamine, pH 8.2. This 
mixture was gently mixed for 45 min at room temperature, and 
the reaction was stopped by sedimentation at 500 x g for 1 
min. This mixture was resuspended in an equal volume of 50 
mM ethanolamine, pH 8.2. After 5 minutes, coated beads were 
washed three times in 0.1 M borate buffer, pH 8.2, with 0.02 
% sodium azide. Crude CPS was applied to the column (figure 
9). The CPS bound to the Mab was eluted with 0.05 M 
diethylamine, pH 11.5 containing 0.5 % sodium deoxycholate. 
Eluted material was immediately brought to neutrality by 
addition of 0.5 M NaH2P04 (Schneider et al., 1982).
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Electron Microscopy to DemonstrateCPS. Vibrio 
parahaemolyticus cells were harvested from alkaline peptone 
agar, mounted on carbon coated parlodion filmed grids, 
stained with ruthenium red, and examined with a JEOL 100 CX. 
Thin sections of Vibrio parahaemolyticus BB220 cells were 
prepared by fixing cells in 2% glutaraldehyde in 0.1 M 
cacodylate buffer, pH 7.2 with 0.15% ruthenium red for 40 
minutes. The sections were rinsed with 0.15% ruthenium red 
in buffer; post fixed in 2 % osmium tetroxide and 0.15% 
ruthenium red in 0.05 M cacodylate buffer for 1 h; rinsed 
with dH20; en bloc stained with 0.5 % uranyl acetate for 1 h; 
dehydrated with ethanol; and embedded in acrylic resin (LR 
White; E.F. Fullam, Inc., Laham, N.Y.). Sections were cut on 
a Sorvall Ultramicrotome (MT 5000; Dupont Co., Wilmington, 
Del.), mounted on carbon and parlodion coated grids, stained 
with lead citrate and examined on an electron microscope 
(JEOL 100 CX).
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Immobilization of anti-CPS Mab
Act ivated
m atr ix
Immobilized anti-CPS Mab ligand
Adsorption of CPS on the immobilized ligand
Crude CPS CPS absorbed on 
immobilized anti-CPS Mab
Elution of purified CPS
Purified
CPS
Fig 9. Procedure of Protein A-anti CPS Mab affinity matrix.
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Immunoelectron Microscopy. One ml of 24 h culture of 
Vibrio parahaemolyticus BB 220 cells was centrifuged at 480 
x g for 10 min. The cells were resuspended in 1 ml of PBS, 
pH 7.3. Fifty ul of Mab (1 mg/ml) or 50 ul of PBS were 
added. The cells were washed twice in 1 ml of PBS and 
suspended in 50 ul of PBS. Twenty ul of a goat anti-mouse 
immunoglobulin (IgG and IgM) colloidal gold conjugate (15 nm 
colloidal gold particles; Ted Pella, Inc., Tustin, Calif.) 
was added. Following a 30 min incubation, the cells were 
washed, and the cells were suspended in 1 ml of 0.5 % 
glutaraldehyde in PBS. Carbon coated grids were floated onto 
a drop of the cell suspension for 5 min. Excess fluid was 
removed using the edge of a filter paper as an absorbent. 
The grids were examined in JEOL 100 CX transmission electron 
microscope at an accelerating voltage of 60 kV.
Adhesion of Vibrio parahaemolyticus Cells to Rabbit 
Intestine. The upper one-third of the small intestine of a 
6 weeks old New Zealand white rabbit was removed. The 
intestine was washed with 50 ml of cold saline using a 50 cc 
syringe (Nakasone and Iwanaga, 1987), and then rinsed several 
times in cold saline in a beaker. The intestine was opened 
with scissor, stretched, pinned onto a piece of styrofoam and 
then submerged in 3.7% formaldehyde solution in KRT buffer 
(128 mM NaCl, 5.1 mM KC1, 1.34 mM MgS04.7H20, 2.7 mM CaCl2, 10 
mM Tris-HCl, pH 7.5) for one hour. The intestine was cut
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into 1 x 1 cm squares and placed in a fresh formaldehyde 
solution and stored at 4°C. Prior to running an adhesion 
experiment, the mucosal surface was washed four times for 15- 
30 min each in KRT buffer. Vibrio parahaemolyticus cells 
were grown in alkaline peptone broth on a shaker and the 
cells were harvested by centrifugation at 10,000 x g for 20 
min and resuspended in one-tenth of the starting volume. The 
cells were warmed to 25-30°C in water bath and then added to 
washed mucosa and incubated for 10 min in 25-30°C water bath, 
with occasional gentle mixing.
The Vibrio exposed mucosa was transferred to a tube 
containing 10 ml of KRT buffer, vortexed for 5" and washed 
four successive times in 10 ml of fresh KRT buffer. The 
mucosa was fixed in 2% glutaraldehyde at room temperature for 
one hour, washed four-times in KRT buffer, and transferred to 
1% osmium tetroxide solution for one hour. The mucosa was 
washed in water for 10 min, and dehydrated in the following 
manner: 50% alcohol for 10 min (2 times), 70% alcohol for 10 
min (2 times), 80% alcohol for 10 min (2 times), 95% alcohol 
for 10 min (2 times) and 100% alcohol for 3 min (three times) 
and 30 min (once). The Sample was dried using a critical 
point dryer, sputter coated and examined under Cambridge S 
260 scanning electron microscopy.
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Preparation of the Fab Fragment. Ten mM 2-
mercaptoethanol, 2 mM EDTA in 0.1 M PB (phosphate buffer pH 
8.0) and 1 mg of papaine were added per 100 mg of igG. This 
mixture was incubated at 37°C for 18 h, dialyzed against 10 
mM acetate buffer pH 5.5 and sedimented at 10,000 x g for 15 
min. The supernatant fluid was dialyzed versus 0.1 M PB pH 
8.0. The Fab fragment was separated from the Fc on protein 
A-column. The eluate (Fab fragment) was stored at -70°C 
(this preparation is stable for only one week). The Fc 
fragment was eluted off the column using 0.1 M citrate 
buffer, pH 3.0.
Adhesion Inhibition Test. The protocol used for the 
adhesion inhibition test was essentially that of the adhesion 
test, except that the bacterial cells were treated with Fab 
fragment (Nakasone and Iwanaga, 1990) prepared from anti-CPS 
monoclonal antibody or prepared from monoclonal antibody to 
the flagella of Vibrio vulnificus of the same class (IgG). 
1010 cells/ml were treated with 2.5 mg of the Fab fragment of 
each antibody (30 min in 25-30°C waterbath) prior to exposure 
to the mucosal preparations.
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Results and Discussion
Rabbit Immunization. Serum collected from the rabbit 
immunized with crude CPS was tested by the precipitin test 
(Table 11), passive hemagglutination (Table 12), slide 
agglutination (Table 13) and ELISA (Table 14) for evidence of 
anti-CPS activity.
Oucterlony plates were set up using rabbit antiserum and 
CPS. In figure 10, the precipitin reaction of CPS antigen 
and rabbit anti-CPS is demonstrated.
The rabbit anti-CPS serum raised in a rabbit immunized 
with crude CPS produced discernible precipitin reactions with 
as little as 5 ug CPS/ml, while anti-CPS serum produced in a 
rabbit immunized with purified CPS showed no serological 
activity (Table 11). Since anti-CPS activity was produced 
only in a rabbit immunized with "crude" CPS, the 
contaminating LPS or protein may have acted as a carrier, 
enhancing immunological responsiveness to the capsular 
carbohydrate. Although not every possible immunization 
approach was attempted, CPS is a poor immunogen in its 
purified form. In a second rabbit, purified CPS was used as 
antigen and the same immunization protocol was used as the 
one used for crude CPS. However, when purified CPS was used 
as antigen this CPS was not immunogenic for the rabbit and we 
were not able to obtain any anti-CPS antiserum.
89
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This observation can be explained by assuming that in 
our crude capsular preparation there was some contaminating 
compound, and this compound played a role in ixnmunogenecity 
of this CPS. When purified CPS was given to the rabbit, no 
antibody to this capsular polysaccharide was obtained. 
Therefore, it can be concluded that V. parahaemolyticus CPS 
is not a good immunogen. Prolonged immunization with 
purified CPS or conjugation to a protein carrier is needed to 
overcome this problem.
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Table 11. Precipitin reactions for antiserum produced in a 
rabbit (no. 1) immunized with crude capsular polysaccharide 
(CPS) and from a rabbit (no. 2) immunized with purified CPS.
Antiserum Tested Against CPS At The 
Following Concentrations(uq/mlt:
Anti-CPS
Rabbit no. 1000 500 250 100 50 25 5 2̂ .5 1.25
1 +++ +++ +++ ++ ++ ++ + 0 0
2 0 0 0 0 0 0 0 0 0
+++ : precipitin reaction developed less than 5 minutes.
++ : precipitin reaction developed within 10 minutes.
+ : precipitin reaction developed within 20 minutes.
0 : no precipitin reaction within 60 minutes.
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Table 12. Passive hemagglutination titters for anti-CPS 
serum produced in a rabbit immunized with crude capsular 
polysaccharide preparation.
PHA titer following 
Treatment of RRBC 90 min* 24 hb
Chromium chloride
treated non-sensitizedc 0 0
Chromium chloride
treated-CPS sensitized 320 320
None 0 0
a: 90 min in 37°C waterbath 
b: 4°C overnight.
c: RRBC not coated with CPS were used as a 
negative control.
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Table 13. Slide agglutination and coagglutination reactions 
for serum produced in rabbit immunized with crude CPS. In 
coagglutination latex beads were coated with rabbit 
antiserum.
Strain Slide agglutination* Coaqqlutinationb
BB 220 +++' +++
ATCC +++ +++
34 envi. isolates ++(33)d ++(33)
V. cholera 01 0 0
V. hollisae 0 0
a: In direct-immune slide agglutination test, live Vibrio 
cells served as antigen, 
b: In the coagglutination test, clarified broth supernatant 
fluid (CPS) was used as the antigen source, 
c: Agglutination reactions were scored as agglutination 
within 1 min (+++), within 2 min (++), within 3 min(+), 
and no agglutination observed in 3 min (0). 
d: 33 of the 34 environmental isolates tested agglutinated.
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Figure 10. Precipitin reactions of V. parahaemolyticus CPS 
antigen with rabbit anti-CPS. Central well contains the 
antibody (1:4) and peripheral wells contain CPS antigen.
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CPS-ELISA on mouse and rabbit antiserums. Antiserum 
from Balb/c mice immunized with CPS or live cells and 
antiserum from rabbit immunized with crude or purified CPS 
were tested for antibody in the CPS-ELISA. ELISA readings 
for mice antiserum and rabbit antiserum are listed in Table 
14. ELISA readings show that when mice were immunized with 
CPS, no antibody to the CPS was produced but whenever mice 
were immunized with live cells of V. parahaemolyticus anti- 
CPS is obtained. Dilutions of 1:100,000 of rabbit antiserum 
showed readings of 0.853 on ELISA. These ELISA readings 
indicate that our rabbit antiserum contained very high 
tittered anti-CPS antibody. Results also indicate that 
immunizing mice with our crude preparation does not produce 
much antibody and mice need to be immunized with live cells. 
Great advantage of immunizing with whole cell is that a T 
cell independent response is converted to T cell dependant 
response. Apparently our CPS is not a good immunogen and 
probably conjugates of this CPS with proteins should be used 
for immunizations. Bacterial capsular polysaccharide are not 
usually good immunogen and many factors may be responsible 
for this.
Usually moderate-sized capsules are better immunogen 
than large capsules and it has been shown that huge capsules 
can sometimes cause immunological tolerance (Orskov, 1956). 
Some organisms contain polysaccharide which are composed of 
sugars such as hyaluronic acid, which is not immunogenic.
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Some capsular antigens of E. coli are poorly immunogenic 
because they contain sialic acid and sialic acids are usually 
found on the surfaces of mammalian cells. Carbohydrate 
antigens can not be processed by the antigen presenting cells 
(macrophages), but there are other forms of antigen 
presenting cells such as dendritic and langerhans cells. 
Response to a carbohydrate antigen may be converted to a T 
cell dependant response by these cells (Bell and Torrigiani, 
1987).
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Table 14. CPS-ELISA using rabbit and mouse anti-CPS serum.
Anti serum from Serum Dilution O. D‘.





Mice immunized with 1:400 1.658
live cells 1:400 1.457
1:400 0.952
Normal mouse serum 1:400 0.072
1:400 0.150
Rabbit immunized with 1:1000 1.935
crude CPS 1:10,000 1.3 60
1:100,000 0.853
a: Absorbance was measured at 4 05 nm.
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Kanagawa phenomenon. Hemolysin produced by V.
parahaemolyticus has been proposed to be one of the virulence 
factors of this organism. Most environmental isolates are 
Kanagawa-negative while the majority of clinical isolates are 
Kanagawa-positive. Vibrio parahaemolyticus strain BB 220, 
ATCC 10136, and 34 environmental isolates were examined and 
results of their Kanagawa reactions are in table 15.
According to the results, strain BB 220 and two of the
environmental isolates were Kanagawa-positive and the
remaining 32 environmental isolates and the ATCC strain were 
Kanagawa-negative. In figure 11, Kanagawa-positive reaction 
of BB 220 on Wagatsuma agar plate is demonstrated. Only 1% 
of environmental V. parahaemolyticus strains tested by
Sakazaki were Kanagawa-positive (Wachsmuth et al., 1980).
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Table 15. Results of Kanagawa phenomenon using Wagatsuma 
agar plate.
Strain Source Kanagawa reaction
24 h 48 h
BB 220 Bangladesh + +
1013 6 ATCC 0 0
34 environment DHH +(2/34) +(2/34)
ATCC : American Type Culture Collection 
DHH : Department of Health and Hospitals, Division of 
Laboratories State of Louisiana.
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Figure 11. Kanagawa phenomenon of V. parahaemolyticus BB 220 
strain on Wagatsuma agar plate. Plate was incubated at 37°C 
for 24 h.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
101
Production of Anti-CPS Monoclonal Antibody. Anti-CPS 
specific monoclonal antibody (anti-CPS Mab) was produced and 
this Mab was employed in the preparation of serological 
reagent in detection of this CPS.
Because mice immunized with purified CPS produced little 
if any anti-CPS antibody (Table 14), mice used to generate 
anti-CPS secreting hybridomas were immunized with live V. 
parahaemolyticus cells.
Prior to the fusion, blood taken from immunized mice was 
tested by CPS-ELISA. Following five weeks of immunization, 
1:400 dilution of mouse serum exhibited absorbance values as 
high as 1.9.
Spleen cells harvested from immune mice and fused with 
SP 2/0 myeloma cells yielded two clones which continued to 
secrete anti-CPS monoclonal antibody following the third 
limiting dilution. These two clones were obtained from a 
fusion of spleen cells harvested from mice immunized with V. 
parahaemolyticus BB 220. Neither Mab reacted with LPS 
prepared from V. parahaemolyticus BB 220 cells.
The two clones, G12 and E4, secreted immunoglobulin 
IgG3. In the following experiments Mab G12 was used 
exclusively.
Latex beads were coated with G12 anti-CPS Mab and tested 
by coagglutination. The anti-CPS coagglutination reagent was 
mixed with whole cells and cell free supernatant fluid from 
24 h broth cultures. The Mab produced obvious agglutination
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with the vaccine and ATCC 10136 strains only. Rabbit 
polyclonal anti-CPS had reacted with all but one of the 34 
environmental isolates tested.
It was reported by Onokodi and Wauters (1981) that 
capsular antigen of Klebsiella could be detected in the 
supernatant fluid clarified from bacterial suspensions. 
Latex beads armed with anti-CPS G12 Mab coagglutinated 
clarified supernatant fluids prepared from 24 h broth 
cultures of strain BB 220 and ATCC strain but not the 34 
environmental strains. These findings (Table 16) correlated 
with the whole cell antigen findings.
V. parahaemolyticus recovered recently from the 
environment are usually encapsulated and they need to be 
serotyped based on their K antigen and not the LPS 
associated-0 antigens. The problems encountered when 
serotyping V. parahaemolyticus can be overcome by utilizing 
a coagglutination reagent which detects soluble immunogens, 
such as CPS, in culture fluid.
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Table 16. Agglutination reactions for latex beads coated 
with affinity purified anti-CPS Mab against live cells and 




Coagglutination reactions for 
Latex beads armed with 
anti-CPS monoclonal against:
Live cells Supernatant
Vaccine strain BB 220 +++ ++
ATCC 10236 +++ ++
34 environmental
+++ : Agglutination within first min.
++ : Agglutination within the second min.
0 : No agglutination observed over two min.
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The specificity of latex beads armed with anti-CPS 
polyclonal and monoclonal antibodies was examined. Rabbit 
anti-CPS antibody agglutinated all strains tested except one 
environmental strain, while the anti-CPS Mab agglutinated 
only the vaccine strain and ATCC 10136 strains and none of 
the environmental isolates were agglutinated in anti-CPS Mab.
The anti-K serotyping scheme in current use utilizes 
rabbit polyclonal antibodies. All the Japanese groups use a 
crude preparation of this antigen for rabbit immunization and 
employ the obtained antiserum for serological studies. 
Countries all over the world obtain their anti-K typing serum 
for Vibrio parahaemolyticus from this commercially prepared 
antiserum from Toshiba company in Japan.
Serotyping V. parahaemolyticus for epidemiological 
purposes is very important. This organism like all the other 
species of genus Vibrio harbors species specific flagellar 
antigen and therefor serotyping this organism according to 
this antigen is not possible. The two other antigens that 
can be used are either the 0 antigen and the K or CPS 
antigens. In fresh isolates the 0 antigens are masked, 
serologically, by capsule and therefore, this organism needs 
to be serotyped based on their K antigen. Each 0 serogroup 
is associated with certain K antigens and by determining the 
K serotype, the 0 serotype can be assigned for that isolate.
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Table 17. Serological specificity of latex agglutination: 
beads armed with polyclonal and monoclonal IgG.





V. cholera 01 
V. hollisae












+++ : Agglutination in first min.
++ : Agglutination in second min.
+ : Agglutination in third min.
0 : No agglutination observed.
a : Live cell suspension from 24 h alkaline peptone 
slant cultures.
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The protective capacity of anti-CPS Mab for mice was 
evaluated. In mice protection studies, mice were injected 
with 125 and 500 ug of protein-A purified Mab and the control 
group did not receive any antibody. Twenty-four hours later 
they were challenged with live V. parahaemolyticus cells and 
mortality rate was recorded. In table 18, results of mice 
protection studies are listed. There is conclusive evidence 
that this monoclonal antibody did protect mice against live 
V. parahaemolyticus cells. Since the antibody used in 
protection studies was a Mab, there was no contamination with 
antibody to LPS or other proteins. It should be mentioned 
that in this study 10 times more cells were given to mice 
than the fatal dose.
The virulence of bacteria depends on the ability of the 
organism to invade the host and escape the host's immune 
response, thereby enabling the organism to survive and 
propagate within the host. Since capsules are located in the 
outermost layer of bacteria, they are very important in 
bacterial pathogenesis. These antigens interact directly 
with the host's immune system. In a number of organisms 
capsules have been reported to be the virulence factors. 
Capsules enable organism to escape classical complement 
pathway because this process requires antibodies specific for 
capsules. Capsules may also inhibit the alternative pathway 
because it can mask bacterial structures which are activators 
of this pathway.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
107
Table 18. Protection studies: Balb/c mice challenged by 
intraperitoneal injection with V. parahaemolyticus, following 
injection of anti-CPS Mab 24 hours earlier.
Challenge No. of
Group Mice no. Mab* Dose Survivors
1 5 500 ug 109 5
5 500 ug 1010 5
2 5 125 ug 109 5
5 125 ug 1010 3
5 0 109 0
5 0 101Q 0
a: Purified on protein-A sepharose
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Electron Microscopy. Bacterial capsules are difficult 
to examine by light microscopy. Capsular polysaccharide may 
be present in low concentration, therefore, it is hard to 
visualize these structures with conventional microscopes. 
Most stains possess poor affinity for capsular polysaccharide 
and may cause shrinkage or destruction.
When electron microscopy is used to study bacterial 
capsules other problems may present themselves. One problem 
is that bacterial capsules are highly hydrated structures and 
some are not covalently attached to the cell membrane.
Capsular structures must be stabilized before 
visualization under the electron microscope. One 
stabilization method often employed is to fix this structure 
with ruthenium red which has been reported (Bayer, 1990) to 
stabilize capsules of some Gram-negative and Gram-positive 
organisms.
To demonstrate presence of CPS on V. parahaemolyticus BB 
220, cells grown on alkaline peptone agar were mounted on 
carbon coated filmed grids, stained with ruthenium red and 
observed under JEOL 100 CX electron microscope. In a second 
approach thin sections were prepared following fixation. 
Figures 12 and 13, show the capsule on V. parahaemolyticus BB 
220 strain.
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Fig. 12. Electron micrograph of V. parahaemolyticus BB 220 
cells fixed with ruthenium red. x 13,000.
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Fig. 13. Thin sections of fixed V. parahaemolyticus BB 220 
cells. x 40,000. Sections were cut on a Sorvall 
Ultramicrotome (MT 5000; Dupont Co., Wilmington, Del.)
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When encapsulated cells are exposed to homologous anti 
capsular polysaccharide serum, significant contrast is 
achieved to permit visualization of the capsule by electron 
microscopy. The antibody may provide this structure with the 
necessary density to permit visualization.
Vibrio parahaemolyticus BB 220 cells were incubated with 
anti-CPS Mab, washed and then incubated with goat-anti mouse 
immunoglobulin (IgG and IgM)-colloidal gold conjugate.
A problem encountered was that because of increased 
density by addition of Mab-gold conjugate, the capsular 
polysaccharide was released from the cell surface. To 
overcome this problem the method of McGavin et al. (1990) was 
employed and the preparation was fixed in 0.5% glutaraldehyde 
solution.
Electron micrographs of this preparation are presented 
in Figures 14a and 14b. The electron micrographs reveal that 
the anti-CPS Mab is reacting with the surface capsular 
structure and with the structures released from this 
bacteria. The anti-CPS Mab did not react with the flagellar 
structures.
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Fig. 14a. V. parahaemolyticus BB 220 cells stained with 
affinity-purified anti-CPS Mab and then stained with goat 
anti-mouse immunoglobulin-colloidal gold conjugates, x 
40,000.
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Fig 14b. V. parahaemolyticus BB 220 cells stained with 
affinity purified anti-CPS Mab and then stained with goat- 
antimouse immunoglobulin-colloidal gold conjugates, 
x 20,000.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
114
Anti-CPS Mab-Protein A Matrix. Since affinity 
chromatography is a widely used technique to isolate desired 
antigens, anti-CPS Mab was attached to protein A-sepharose 
CL-4B. This matrix was used to purify crude CPS 
preparation. To prevent elution of anti-CPS from the 
column, it was cross-linked with dimethyl pimelimidate 
dihydrochloride to immobilize the antibody to the Protein A- 
Sepharose beads.
Crude CPS prepared from V. parahaemolyticus BB 220 was 
passed through this column. The antibody immobilized 
polysaccharide was eluted with 0.05 M diethylamine pH 11.5 
which contained 0.5% sodium deoxycholate. The pH of eluted 
CPS was brought to neutrality through the addition of 1/10 of 
0.5 M NaH2P04.
Column purified CPS was examined colorimetrically 
for component sugars. The eluted CPS was a carbohydrate that 
contained methylpentose but no hexuronic acid. Protein 
determination showed that no detectible protein was present 
in the sample.
In this experiment, only 4 ml of anti-CPS matrix was 
used and as a result the eluted fractions contained small 
quantities of CPS. The ultimate path by which to purify CPS 
would be to construct a larger protein-A sepharose-anti-CPS 
Mab matrix.
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Adhesion of V. parahaemolyticus to Rabbit Intestine. 
Bacterial infections are initiated by attachment of the 
pathogen to mucosal surfaces. It is important to decipher 
the mechanism of bacterial attachment and identify the cell- 
associated structures involved in the attachment process.
Kanagawa-positive V. parahaemolyticus phenotypes are 
considered pathogenic. Only 3.5 to 11.6% of reported 
infections were caused by Kanagawa-negative strains. It has 
been proposed that adherence studies can be used to 
distinguish virulent and avirulent strains of V. 
parahaemolyticus (Hackney et al., 1980).
The ability of V. parahaemolyticus BB 220 cells to 
adhere to rabbit intestine was examined. The rabbit 
intestinal mucosa used in this experiment was washed and 
fixed with formaldehyde (Figure 15) . Vibrio parahaemolyticus 
cells were cultured in broth to avoid production of lateral 
flagella since this organism will produce these structures 
when grown on solid substrate. Vibrio parahaemolyticus BB 
220 cells tested were adherent to the rabbit intestine 
(Figures 16 and 17) .
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Fig. 15. Scanning electron micrograph of rabbit intestine, 
x 68.
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Fig 16. Scanning electron micrograph of V. parahaemolyticus 
BB 220 cells adherent on rabbit intestinal surface, x 3,600
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Fig 17. Scanning electron micrograph of V. parahaemolyticus 
BB 220 adherent on rabbit intestinal surface, x 12,000.
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Scanning electron microscopic examination revealed that 
V. parahaemolyticus BB 220 cells adhere to the rabbit 
intestine. The adherence of bacterial pathogens to surfaces 
is an important event, since the attachment process enables 
the bacterium to resist the rinsing and cleansing action of 
the mucous sheet. This event may enhance acquisition of 
nutrients and may permit optimum delivery of exotoxins (Jann 
and Hoschutzky, 1990).
There are two stages in the adherence process. Phase 
one is a reversible attachment which is followed by a 
secondary irreversible attachment event (Sutherland, 1982). 
Surface polysaccharides play a role in adherence which is 
evident in the formation of dental plaque. Bacterial 
capsules often provide an adhesive matrix for bacterial 
attachment.
It has been reported (Belas and Colwell, 1982) that 
flagella may provide the forces which hold the bacterium to 
the mucosal surface, but the bacteria was mobile (reversible 
adsorption). Bacterial capsular polysaccharide may provide 
the glue required in the irreversible attachment process.
Thus several bacterial-associated structures may be 
involved in the adhesion process. One set of adhesions may 
bring the cell and mucosal surface together on a temporary 
bases while a structure may insure a more permanent 
attachment.
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Mechanism of colonization by V. parahaemolyticus is not 
understood and to date no colonization factor has been 
identified. Several investigators have examined the adhesion 
process to rabbit intestine for this organism and proposed 
various structures were involved in the adhesion process. 
Lateral flagella, outer membrane proteins, pili or capsular 
polysaccharide have each been proposed to play a role in the 
adhesion process (Belas and Colwell, 1982; Hackney et al., 
1980; Iijima et al., 1981; Merrell et al., 1984; Reyes et 
al., 1983; and Nakasone and Iwanaga, 1990).
To examine the role CPS may play in the adhesion process 
by this Vibrio parahaemolyticus, adhesion inhibition 
experiments were done. The Fab fragments of anti-CPS Mab and 
anti-H Mab against flagellar protein of V. vulnificus (both 
of IgG3 class) were prepared. The Fab fragments were 
incubated with V. parahaemolyticus cells prior to the 
adhesion experiment. Ten different fields in each 
preparation were randomly selected and the number of bacteria 
adhering to the mucosal surface were counted.
The adhesion of V. parahaemolyticus cells to intestinal 
mucosa was significantly reduced in those specimens treated 
with the Fab fragment prepared from anti-CPS Mab (Figure 18). 
The average number of bacteria was reduced to 1.7 bacteria 
versus 29.5 bacteria in the untreated specimen . The number 
of V. parahaemolyticus cells which were treated with the Fab 
fragment prepared from Mab to the flagella of V. vulnificus
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were not significantly reduced (Table 19). Although this 
experiment was performed one time only, the results indicate 
that the capsule of V. parahaemolyticus may play a role in 
adherence.
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CPS-Fab Mab 2.5 mg 1.7
Control-Fab Mab 2.5 mg 20.4
Nontreated mucosa 29.5
a: All the adhesion experiments were carried at 25-30°C
waterbath for 10 min. 
b: The number of Vibrio parahaemolyticus BB 220 cells
adhered to ten different field of microscope was 
counted and averaged.
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Fig 18. Rabbit intestinal surface which was exposed to V. 
parahaemolyticus BB 220 cells (treated with the Fab fragment 
prepared from anti-CPS Mab). x 16,500
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Fig 19. Rabbit intestinal surface which was exposed to V. 
parahaemolyticus BB 220 cells (treated with the Fab fragment 
of anti-H Mab of V. vulnificus), x 16,000.
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In summary, V. parahaemolyticus capsular polysaccharide 
is an acidic polysaccharide with an average molecular weight 
of about 106. Three of the constituting sugars as determined 
by gas-liquid chromatography are glucose, galactose and 
fucose.
The CPS appeared to be nonimmunogenic. Mab produced 
against this CPS was used to detect this CPS from supernatant 
fluid by coagglutination reagent. This reagent was 
determined to be very specific in serological studies. V. 
parahaemolyticus CPS may play a role in adhesion of this 
organism.
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